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I.  SUMMARY 

A.  This  quarterly  summary  covers  research  conducted  in  partial  fulfill- 
ment of  Contract  K?onr-li6?.  Task  Order  I.  and  Contract  NOas  53-6l8-c  during  the 
period  from  16  November  1953  through  15  February  195L.* 

B.  The  most  important  results  are  summarized  below: 

1.  The  viryl  polymerization  of  2,2-dinitrobutyl  acrylate  has 
been  further  investigated  using  azo-bis-lsobutyronitrile  as  an  initiator. 

Mew  data  have  been  collected  for  the  establishment  of  the  relationship  between 
the  rate  of  propagation  and  catalyst  concentration. 

2.  Emulsion  polymerization  experiments  conducted  with  2,2- 
dinitrobutyl  acrylate  revealed  some  difficulties  in  obtaining  stable  emulsions. 
Following  a formulation  based  on  extensive  past  experience  with  this  problem, 
reproducibility  of  permanent  emulsions  was  achieved. 

3.  A recently  prepared  new  diisocyanate  is  2-nit raza-1 ,L-butane 
diisocyanate.  Before  polyurethanes  were  prepared  from  it  the  reactivity  of 

the  isocyanate  function  of  the  new  diisocyanate  was  compared  with  the  reactivities 
of  the  diisocyanates  reported  previously.  Using  2-nitro-2-methy 1-1, 3-propanediol, 
the  rate  of  reaction  with  2-nitraza-l,i»-butane  diisocyanate  was  studied  at  two 
catalyst  concentrations.  The  results  revealed  that  at  a catalyst  concentration 
of  1 x 10“5  mole  ferric  acetylacetonate  per  lit*r  the  rate  of  reactivity  of 
the  new  diipocyanate  was  six  times  greater  than  that  of  3-nit- raza-1, 5-pentane 
diisocyanate  ar:d  100  times  faster  than  that  of  3 . 6-dinit raza-1, 8-octane  diiso- 
cyanate. At  a catalyst  concentration  of  1 x 10-4  mole  of  ferric  acetylacetonate 
per  liter  the  rates  were  too  fast  for  an  accurate  measurement.  It  is  believed 
that  the  increased  reactivity  of  the  new  diisocyanate  over  the  reactivity  cf 
these  reported  previously  is  caused  by  the  proximity  of  the  nitraza  group  to 
one  of  the  isocyanate  groups. 


Previous  work  on  Contract  H7onr-L62,  Task  Order  I,  was  covered  in  Aerojet 
Reports  No,  330,  3h5,  371,  386,  386A,  hOh,  Ll7,  Ll7A,  h2h,  L57,  U6l,  U68, 
L82,  L95,  515,  5L0,  563,  590,  622,  638,  663,  686,  700,  720,  7L0,  and  772. 

Previous  work  on  Contract  NOas  53-618-c  was  covered  in  Aerojet  Reuorts  No, 
720,  7 hO  and  772. 
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U.  The  new  2-nitraza-l,h-butane  diisocyanate  has  been  \>sed  for 
preparation  of  the  new  polyurethanes  listed  below.  These  new  polyurethanes 
have  been  characterized  by  elemental  analysis,  relative  viscosity,  softening 
range,  and  stability  tests: 


Polymer 

Diol 

XV-A 

2 , 2-dinitro-l , 3-propanediol 

XV-H 

5 , 5, 5- trinit ro-1, 2-pentanediol 

XV-J 

2-nitro- 2-methy  1-1 , 3-propanediol 

5.  In  the  past,  great  efforts  have  been  made  to  obtain  high- 
molecular-weight  postnitrated  polyurethanes.  It  was  found  possible  to  achieve 
this  by  conducting  the  postnitration  under  anhydrous  conditions.  When  Poly- 
urethane XV-A,  obtained  from  2-nit raz a-1 , a-butane  diisocyanate  and  2,2-dinitro~ 
1,3-propanediol,  was  subjected  to  postnit ration,  a product  was  obtained  which 
did  not  represent  the  expected  Polyurethane  XV-AN.  Furthermore,  severe  chain 
degradation  occurred.  Several  years  ago  it  was  found  that  polyurethanes  made 
from  methylene  diisocyanate  cannot  be  postnitrated  without  extensive  chain 
degradation.  Because  Polyunethane  XV-A  upon  postnitration  yields  similar 
structures  to  those  obtained  with  methylene  diisocyanate  polymers,  it  appears 

W°2  f>2 

that  the  structure  — GNC^w—  represents  an  unstable  and  readily  degraded  con- 
figuration. Similarly',  the  postnitration  of  Polyurethane  XV-J  also  produced 
a degraded  product. 

6.  The  introduction  of  crosslinking  and  branching  in  the  poly- 
urethane chain  results  in  products  with  improved  physical  and  mechanical  prop- 
erties. When  insoluble  Polyurethane  I-A,  obtained  from  3, 3-dinit ropentane 
diisocyanate  and  2, 2-dinitro-l, 3-propanediol,  was  postnitrated,  information 

was  obtained  on  the  degree  of  chain  degradation  and  change  of  solubility  charac- 
teristics. This  work  has  now  been  extended  to  Polyurethane  XIII-A,  obtained 
from  3-nitraza-l, 5- pentane  diisocyanate  and  2, 2-dinitro-l, 3-propanediol  branched 
with  nib  glycerol.  From  the  acetone-insoluble  starting  material  an  acetone- 
soluble  postnitrated  product  was  obtained  which,  judging  from  the  relative- 
viscosity  measurements,  was  superior  to  the  linear  Polyurethane  XIII-AN, 

7.  The  recently  installed  Beken  dispersion  blade  mixer  was  tested 
in  a run  with  Polyirethane  I-A  crosslinked  with  Q.$%  nib  glycerol.  It  was  found 
that  higher  monomer  concentrations  could  be  used  than  had  heretofore  been  possible. 
Experiments  like  this  are  useful  in  providing  technical  data  required  for  the 
manufacture  of  polyurethanes  on  a larger  scale. 
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8.  In  the  preparation  of  postnitrated  polyurethanes  a good  deal 
of  effort  has  been  expended  in  developing  a method  for  maximum  nitration  with 
a minimum  of  chain  degradation.  Although  in  most  instances  apparently  high 
molecular  weights  were  retained,  a determination  of  the  molecular  weight  of 
Polyurethane  I-AN  osmometrically  revealed  that  more  than  30%  of  me  product 
diffused  through  the  membrane.  Therefore,  a fractionation  of  Polyurethane 
I-AN  was  conducted  with  the  thought  that  high-molecular-weight  postnitrated 
polymers  might  be  obtained  with  thermal  stabilities  improved  over  that  of  the 
unfractionated  material,  Kovevei;  it  was  found  that  the  thermal  stabilities 

of  the  fractionated  samples  bore  no  relationship  to  the  molecular  weights. 

9.  It  has  been  postulated  in  these  laboratories  that  the  ferric 
acetylacetonate  which  catalyzes  the  formation  of  polyurethanes  also  catalyzes 
the  reverse  reaction,  and  therefore  the  system  must  be  in  dynamic  equilibrium. 
In  order  to  confirm  this  hypothesis,  a preparation  of  Polyurethane  I—J,  upon 
being  brought  to  its  maximum  solution  viscosity,  was  treated  with  an  excess  of 
one  of  the  monomers,  Samp3.es  were  taken  before  and  after  this  last  step  and 
identified  by  relative  viscosities.  It  was  shown  that  an  excess  of  one  of  the 
reagents  immediately  shifts  the  equilibrium  toward  the  formation  of  smaller 
molecules.  Reestablishment  of  monomer  equivalence  again  shifts  the  equilibrium 
to  the  formation  of  molecules  with  a higher  molecular  weight  distribution, 

10.  The  ultimate  goal  of  the  nitropolymer  program  is  the  success- 
ful formulation  of  a rocket  grain.  Therefore  a good  deal  of  effort  has  gone 
into  the  examination  of  suitable  processes  for  accomplishing  this  objective. 

In  previous  quarters  a definite  program  was  followed  in  order  to  accumulate 
data  which  would  be  required  in  meeting  this  objective.  Thus  the  effect  of 
branching  and' crosslinking  on  polyurethane  properties  has  been  studied;  as 
well  as  the  use  of  excess  of  the  reactants,  monomer  adjustment  and  the  order 
and  rate  of  addition  of  the  components.  All  of  these  factors  are  carefully 
considered  and  applied  in  the  folio-wing  three  distinct  methods  of  nitropolymer 
formulation. 


a.  A single-stage  casting  of  a crosslinked  nitropolyurethane 
in  the  presence  of  a high-energy  solvent-plasticizer. 

b.  Preparation  of  a prepolymer  of  intermediate  molecular 
weight.  Such  a material  may  be  stored  and  later  used  in  a second-stage  casting 
by  adjustment  of  monomer  equivalence.  This  method  offers  the  advantage  of 
lower  requirements  for  heat  dissipation  and  reduced  shrinkage. 

c.  An  extrusion  process  based  on  prior  homogenization  of 
nitropolymer,  high-energy  plasticizer,  and  solid  oxidizer. 

Each  of  the  three  processes  has  advantages,  and  each  has  introduced  a new  series 
of  problems.  In  the  casting  procedures  problems  arise  as  the  result  of  poor 
heat  dissipation,  bubble  formation,  high  viscosity,  reproducibility,  mold  release, 
etc.  In  the  extrusion  process,  problems  of  homogeneity  and  reproducibility, 
which  have  caused  some  difficulty,  have  been  largely  overcome.  Samples  have 
been  obtained  by  each  of  the  three  procedures  and  are  being  evaluated  for  physical 
and  mechanical  properties. 
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11.  A prepolymer  has  been  prepared  and  isolated  from  3,3-dinitro- 
1, 3-pentane  diisocyanate  and  5»5,5-trinitro-l,2-pentanediol  with  nib  glycerol 
as  the  branching  agent.  The  new  prepolyiner  was  well  characterized  by  analysis, 
molecular-weight  determination,  and  stability  tests.  The  prepolymer  can  be 
converted  into  a final  formulated  product  by  adjusting  to  equivalence  with 


12.  A mixture  of  plasticized  polyurethane  and  inorganic  oxidizers 
was  successfully  extruded  at  120  to  160°F  and  a pressure  of  15,000  to  20,000 
psi  to  give  3/l6-in.  rods.  These  specimens,  ranging  in  specific  impulse  from 
222  to  2U8  lbf  sec/lbm,  have  high  tensile  strengths,  excellent  stabilities, 
and  burning  rates  from  1.5  to  2.6  in, /sec. 

13.  Up  to  the  present  time  osmometric  determinations  of  molecular 
weight  have  been  conducted  on  nitropolyurethanes,  while  work  on  postnitrated 
polyurethanes  was  delayed  for  stability  reasons.  Unfractionated  polyurethanes 
nave  given  some  dif ficulties  because  of  the  diffusion  of  low-molecular-weight 
polymers  through  the  osmometer  membrane.  When  low-mole cular-vreight  fractions 
were  removed,  diffusion  no  longer  was  observed.  In  this  report  an  attempt  to 
determine  the  molecular  weight  of  a postnitrated  polyurethane  is  described. 

It  was  not  successful  because  more  than  20%  of  the  polymer  diffused  through 
the  membrane . 'When  an  isopiestic  molecular-weight  determination  was  run  on 
the  same  polymer  in  methyl  ethyl  ketone  as  a solvent  an  approximate  molecular 
weight  of  26,000  was  determined.  The  significance  of  these  results  lies  mainly 
in  the  recognition  that  certain  structures  of  polymers  are  severely  degraded 
during  nitration. 

1U.  In  order  to  confirm  the  isopiestic  method  for  the  determina- 
tion of  low-molecular-weight  polymers,  a comparative  study  was  run  with  polymers 
whose  molecular  weight  was  determined  by  an  alternative  method.  As  comparison 
three  samples  of  liquid  polysulfide  polymer  furnished  by  Thiokol  Cnem.  Uorp. 
were  checked  and  good  agreement  was  found.  In  addition,  the  molecular  weight 
of  a sample  of  Polyurethane  I-J  characterized  by  an  osmometric  molecular-weight 
detemination  was  determined  by  an  isopiestic  determination  and  good  agreement 
was  also  observed.  Thus,  for  the  first  time  it  has  become  possible  to  obtain 
molecular  weights  by  two  independent  methods  in  the  intermediate  molecular- 
weight  region  of  20,000  to  U0,000. 

15.  Diisocyanates  containing  the  nitramino  group  have  become  very 
important  intermediates  for  the  preparation  of  polyurethanes,  A number  of  them 
have  been  reported  in  the  past.  This  work  was  continued  with  the  synthesis  of 
tnree  new  diisocyanates,  the  2- nit raza-l,U- -butane  diisocyanate,  3, 7-dinit raza- 
1, 9-nonane  diisocyanate,  and  3,o,9-trinitraza-l,ll-undecane  diisocyanate. 
Furthermore  the  work  has  been  extended  to  the  preparation  of  diols  containing 
the  nitramino  group.  U-Iatraza-l,2-pentanediol  was  prepared  ard  characterized 
by  a crystalline  dibenzoate. 
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16.  Stress-Relaxation 


a.  Stress  relaxation  data  at  six  different  temperatures 
were  obtained  on  a plasticized  polycrystalline  propellant,  N-U  double-base. 
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material  is  characterized  ty  an  extremely  broad  distribution  of  relaxation 
tiies  (ca.  12  cycles)  and  has  a distinctive  relaxation  time  of  3200  sec  at  a 
distinctive  temperature  of  hS°F. 


b.  Stress— relaxation  data  at  three  different  temperatures 

were  obtained  on  a plasticized  crosslinked  nitropolymer,  XIII-A-10X-li0D.  The 
shape  of  the  master  curve  and  its  temperature  dependence  reveal  that  this  ma- 
terial is  characterized  by  extreme  rubberiness  with  a distinctive  relaxation 
time  of  0.03  sec  at  a distinctive  temperature  of  uO°F. 


c.  An  Aminco  modulimeter  has  been  used  to  measure  the 
"rubbery"  moduli  of  various  crosslinked  nitropoiymers.  Data  show  that  2% 
branching  agent  is  sufficient  to  convert  the  linear  polymer  to  a gel  structure, 
whereas  25  wt$  plasticizer  is  already  sufficient  to  impart  a rubbery  character 
to  the  nitropolymer. 

d.  Tensile  tests  on  Nitropolymer  I-J  at  75°R  at  a rate 
of  strain  of  roughly  5 in/min  characterize  this  material  as  extremely  tough. 

The  post-yield  properties  are  as  follows: 

Ultimate  Strain  9% 

l!aximum  Stress  9000  psi 

Work  to  Rupture  700  in.-lb^in^ 

II.  TECHNICAL  PROGRESS:  NITR0P0LY?IER5  (Contract  N7onr-U62,  Task  Order  I) 

A.  VINYL  POLYMERIZATION 


1.  Bulk  Polymerization  of  2, 2-Dinit rob uty I Acrylate 
a.  Discussion 

(l)  Earlier  studies  of  the  kinetics  of  bulk  polymeri- 
zation of  2,2-dinitrobutyl  acrylate  catalyzed  with  azo-bis-isobutyronitrile* 
were  continued,  using  a reaction  temperature  of  50°C.  The  present  work  made 
\’se  of  the  "polymer  precipitation  method,"  in  which  several  portions  of  each 
catalyzed  monomer  were  sealed  in  glass  tubes  and  permitted  to  react  for  a series 
of  timed  intervals,  and  the  extents  of  reaction  wore  determined  by  precipitating 
the  polymer  formed.  A consistent  body  of  results  was  obtained,  providing  useful 
guidance  for  process  work. 


Aerojet  Reports  686,  pp.  6,7  and  712,  pp,  U,5. 
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(2)  Each  catalyst  concentration  yielded  a reasonably 
well-defined  rate  of  polymerization  (Figure  1).  The  usual  correlations  we re 
attempted  by  observing  the  variations  of  rate  with  catalyst  concentration  and 
with  molecular  weight  of  product.  These  showed: 

(a)  A plot  of  rate  squared  vs  catalyst  concen- 
tration gave  a smooth  curve,  not  linear  but  bowing  downward  steadily. 


(b)  A plot  of  reciprocal  of  the  degree  of  poly- 
merization (estimated  from  viscometric  measurements)  vs  rate  was  a horizontal 
line.  No  slight  trend  upward  or  downward  was  detectable. 


(3)  These  observations  may  be  discussed  with  refer- 
ence to  a mechanism  aoplied  by  Tobolsky  and  Baysal  to  the  bulk  polymerizations 
of  styrene  and  methyl  methacrylate.*  These  authors  consider  a scheme  of  re- 
actions in  which  there  is  no  chain  transfer  to  monomer  (this  postulate  has 
been  verified  experimentally  for  this  catalyst)  and  in  which  initiation  occurs 
exclusively  from  mono- radicals . Under  these  conditions,  the  rate  of  polymeri- 
zation, R , is  expressed  by 


In  which  Rp^w  is  the  rate  for  the  purely  thermal  reaction 
K is  a constant  function  of  rate  constants 


is  catalyst  concentration 
is  monomer  concentration. 


Thus,  for  the  early  stages  of  polymerization,  in  which  [jy  has  not  changed 
greatly,  Rp2  should  be  a linear  function  of  catalyst  concentration. 


(li)  The  fact  that  the  actual  line  (Figure  2)  is  not 
straight  but  bows  downward  indicates  that  the  system  does  not  completely  follow 
this  mechanism.  A similar,  but  much  more  pronounced,  bowing  was  observed  with 
trinit roethyl  methacrylate  catalyzed  with  methyl  amyl  ketone  peroxide.**  As 
vet,  this  effect  has  not  been  satisfactorily  explained. 


J.  Polymer  Sci.  VIII,  529-5U1  (1932)  and  XI  u7l-U36  (1933). 
Aerojet  Report  No.  700,  Figure  10. 
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(5)  The  constancy  of  degree  of  polymerization,  Pn, 
as  shown  on  the  plot  of  its  reciprocal  vs  rate  of  propagation  (Figure  3)  is 
simply  attributable  to  the  fact  that  chain  transfer  to  monomer  overshadows 
other  termination  reactions.  Tobolsky  and  Baysal  show  the  relation*  to  be 
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in  which  the  rate  constants  represent 


chain  transfer  to  monomer 
propagation 

termination  by  disproportionation 

termination  by  combination. 

The  equations  are  somewhat  different  for  some  other  mechanisms  which  were  con- 
sidered, but  these  also  lead  to  constancy  of  Pn  when  k*r  m becomes  large.  The 
same  influences  are  observable  in  the  bulk  polymerization  of  trinitroethyl 
methacrylate.  In  this  case,  k^r^m  was  so  large  in  comparison  with  k_  that  the 
value  of  P was  only  a few  units’  Because  of  tne  constancy  cf  ?n,  an  evalua- 
tion of  A is  not  possible. 


Hr,m# 
kp  ’ 

Hd  * 
He  • 


(6)  Although  there  is  no  question  of  the  constancy 
of  Pn,  it  should  be  noted  that  its  absolute  value  is  provisional,  being  de- 
pendent upon  ar.  early,  rough  relationship  between  molecular  weight  and  in- 
trinsic viscosity  of  acetone  solutions*  It  may  be  necessary  to  shift  the 
position  of  the  horizontal  line  of  Figure  3 when  a better  relationship  is 
developed. 


b.  Experimental 

(1)  Irtasmuch  as  the  dinit robutyl  acrylate  monomer 

rr;r.r«hr»j  previously'  pOlyTSSrUZSCl  sllgVih'W-  on  st-^Tldlng-  it>  wn  3 

re-purified  by  dissolving  it  pert ion-wise  in  boiling  hexane,  precipitating 
polymer,  and  then  stripping  the  solution  on  a steam  bath  under  reduced  pressure. 
Alter  two  such  treatments , the  product  monomer  gave  a slight  cloud  when  dropped 
into  methanol.  This  amount  of  polymer  was  negligible,  and  the  possibility  of 
further  purification  was  questionable.  Accordingly',  this  product  was  accepted 
for  use.  Five  hundred  grams  was  prepared  in  this  manner  (n§6.3  **  l.U585j  origi- 
nal np®"’  « 1,4608).  A small  amount  of  one  other  monomer  specimen  was  used  for 
a check  mm  at  zero  citalyr3t  concentration.  This  monomer  was  purified  in  the 
same  way  except,  that  the  fir.rt  solution  in  boiling  hexane  was  treated  with  ac- 
tivated alumina  in  an  effort  to  remove  peroxides  {l00  g/2000  ml).  Nine  hundred 
and  forty-five  grams  was  prepared  (n^5  - 1,4601), 


•* 


cf  Equation  (11),  Aerojet  Report  No.  ^90 
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Du  Ik  Polymerization  of  2,2-Dinitrobutyl  Acrylate  at  50°C  with  Azo-bis- 
isobutyroni  trile  Catalyst!  Relation  of  Degree  of  Polymerization  to  Conversion  Rate 


Figure  3 
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(2)  Shortly  before  use,  the  azo  bis-isobutjroniurilo 
catalyst  was  recrystallized  from  ethanol ; it  was  dried  in  a "desiccator  and  kept 
stored  in  the  refrigerator. 

(3)  Bulk  polymerizations  were  conducted  by  sealing 
portions  of  catalyzed  acrylate  under  vacuum  in  a series  of  glass  tubes,  per- 
mitting the  reaction  to  proceed  for  timed  intervals  at  50°C,  and  measuring 
the  extent  of  reaction  by  precipitating,  drying,  and  weighing  the  polymer 

* o cl  • Thsss  o pe rat ions  are  similar  to  those  described  earlier.* 

(U)  Four  runs  at  different  catalyst  concentrations, 
designated  D,  E,  F and  G,  and  two  with  no  catalyst  (H  and  I,  using  different 

monomer  specimens)  were  performed  in  this  manner.  For  these  runs,  yields  are 

plotted  vs  time  in  Figure  1,  and  the  best  straight  lines  are  drawn  in;  the 

slopes  of  these  lines  are  values  of  R_.  Figure  2 shows  a plot  of  Rp2  vs  cata- 
lyst concentration. 


(5)  The  molecular  weights  of  three  or  four  polymers 
from  each  run  were  determined  individually  by  dissolving  them  in  acetone  and 
measuring  the  relative  viscosities  of  the  solutions.  Using  the  Baker  equation, 
relative  viscosities  were  converted  to  intrinsic  viscosities,  and  these  in  turn 
were  converted  to  molecular  weights  by  a provisional  relationship  derived  ear- 
lier.** These  show  that  there  is  no  trend  with  reaction  time  in  the  value  of 
molecular  weight.  Then  the  average  molecular  weight  for  each  run  was  converted 
to  degree  of  polymerization,  Pn.  Values  of  the  reciprocal  of  Pn  for  all  runs 
are  plotted  against  Rp  in  i igure  3. 

(6)  The  complete  body  of  results  is  summarized  in 

Table  I. 


2.  Emulsion  Polymerization  of  2 ,2-Dinit robutyl  Acrylate 

a.  A few  experiments  were  performed  in  the  emulsion  poly- 
merization of  2, 2-dinit robutyl  acrylate  in  small  vials.  In  order  to  economize 
on  material,  the  first  tests  were .performed  using  an  incompletely  purified 
monomer.  Following  a formulation  based  on  extensive  past  experience  with  this 
problem, anl  using  the  same  specimer  of  monomer  in  all  preparations,  it  was 
found  possible  to  produce  consistently  smooth,  permanent  emulsions.  The  formu- 
lation comprised: 

Monomer  and  water 

Atlas  Tween  Uo  surface- active  agent 

Polyvinyl  alcohol  stabilizer 

Lecithin 

Ammonium  persulfate  catalyst 

There  is  some  question  of  the  necessity  for  including  the  lecithin. 

Aerojet  P.epcrts  Ho*  7 00,  p.  tj*  and  i:o.  686,  p.  7. 
aerojet  Report  No.  6j7,  p.  13. 

’’  Aerojet  Reports  No,  362,  637,  660,  and  772. 
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TABLE  I 

BULK  POLYMERIZATION  OF  2,2-DINITROBUTYL  ACRYLATE  AT  50°C 
USING  AZO-BIS-ISOBUTYRONITRILE  CATALYST 


Molecular  weights  of  polymers  determined  from 
viscosities  at  25°C  in  acetone  solution 


Average 

Catalyst  Concentra-  Polymerization  Rate  Relative  Intrinsic  Degree  of 


Run 

tion,  mol/liter 

mol/litor/sec 

Viscosity 

Viscosity 

Polymerization 

H 

0 

1.7U  x 10"^ 

1.66 

0.71 

U90 

I 

0 

Uncertain 

— 

-- 

— 

E 

h.69  x 10~h 

2.U6  x 10"  5 

1.67 

0.72 

505 

F 

36. U 

5.97 

1.69 

0.7U 

5io 

D 

78.5 

7.92 

1.65 

0.70 

U90 

G 

199 

11.5 

1.68 

0.73 

505 

k 


Run  I used  second  specimen  of  monomer 


I.U601). 


Other  runs  used 


. / 26*3 

iirst  specimen  (n 


D 


1.U585) 
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b.  A single  experiment  in  which  the  catalyst  was  activa- 
ted with  a trace  of  ferrous  ion  gave  an  excellent  CIuuI.3 1 on  in  a greatly  xe- 
duced  reaction  time.  This  is  considered  a promising  lead.  On  the  other  hand, 
it  is  noteworthy  that  several  trials  of  organic  hydroperoxide  catalysts,  with 
and  without  activators,  all  gave  unsatisfactory  emulsions.  Substitution  of 
a purified  monomer  greatly  reduced  the  extent  of  reaction.  Addition  of  a 
small  amount  of  cyclohexane  to  the  formulation  improved  the  smoothness  of  the 
reaction  product. 


c.  It  soon  became  evident  that  this  method  of  testing 
emulsions  was  unsatisfactory  for  several  reasons.  The  small  conversion  with 
purified  monomer  needed  to  be  increased  for  the  results  to 'be  of  any  practical 
interest.  To  accomplish  this,  the  total  exclusion  of  air  from  the  reaction 
was  very  important.  A quantitative  measure  of  rates  of  reaction  was  needed, 
preferably  by  taking  a series  of  samples  at  intervals  from  one  reaction  mixture. 
At  the  same  time,  it  was  desirable  to  work  with  larger  charges.  Accordingly, 
a reaction  tube  provided  with  stopcocks  was  constructed,  permitting  filling 
or  sampling  during  the  reaction  without-  contamination  by  air.  Trial  runs  in 
the  apparatus  demonstrated  the  possibility  of  achieving  60  to  70%  reaction  with 
purified  monomer  in  a reasonable  time.  Here,  as  well  as  in  the  earlier  tests 
in  vials,  polymer  precipitated  out  as  the  reaction  approached  completion;  this 
separation  remains  an  important,  unsolved  problem. 

B.  ADDITION  AND  CONDENSATION  P0LY7.SLS 


1.  Polyurethanes 


a.  Kinetic  Studies 

(1)  Introduction 

Before  attempting  to  prepare  polymers  from  the 
new  diisocyanate,  2-nitraza-l,U-butane  diisocyanate,  it  was  of  interest  to 
compare  the  reactivity  of  its  functional  groups  with  those  of  the  other  diiso- 
cyanates which  have  been  used  extensively  in  polymerizations. 

(2)  Discussion 

The  rate  of  polyurethane  formation  has  been 
studied  extensively  using  J-diol,  2-nitro-2-methyl-l, 3-propanediol,  with 
various  nitrodiisocyanates.*  The  rate  of  reaction  of  J-diol  with  the  new 
2- nitraza-l,U~butane  aiisocyanate  was  determined  with  and  without  ferric 


Aerojet  Reports  No.  S90,  p.  22;  622,  p,  18;  638,  p.  2 U;  663,  p.  12;  686,  p,  o 
712,  p.  6;  71*0,  p.  7. 
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acetylacetonate  catalyst.  Using  a catalyst  concentration  of  1 x 10  mole 
FeAA/liter  the  rate  was  too  fast  for  accurate  measurement.  A catalyst  con- 
centration of  1 x 1.0-5  mole  FeAA/liter  gave  a measurable  rate  and  the  ex- 
perimental results  are  listed  in  Table  II  with  other  systems  previously 
studied  for  comparison. 


(3 ) Experimental 

A solution  of  23.28  g 2-nitraza-l,U-butane  diiso- 
cyanate (assay  96%)  and  16.89  g 2-nitro-2-methyl-i,3-propanediol  in  absolute 
dioxan  was  diluted  to  250  ml*  then  divided  into  two  100-ml  and  one  50-ml  por- 
tions which  were  placed  in  separate  flasks.  The  catalyst  solution  was  made 
by  dissolving  0.0883  g of  ferric  acetylacetonate  in  absolute  dioxan  and  di- 
luting to  25  ml.  To  one  100-ml  portion  of  monomer  solution  was  added  1 ml 
catalyst  solution.  To  the  other  100-ml  portion  was  added  1 ml  of  catalyst 
solution  that  had  been  diluted  ten  times.  The  50-ml  portion  was  diluted  with 
0.5  ml  dioxan  to  keep  all  concentrations  equal.  The  three  portions  were 
placed  in  a 50°C  const ant -temperature  bath  and  10-ml  portions  were  periodi- 
cally removed  for  isocyanate  determination  by  the  standard  method.*  The  ex- 
perimental results  are  shown  in  Table  II. 

Table  II 


Rate  of  Polymerization  of  Polyurethane  XV- J 


Initial  Concentration: 


1 eq/liter  (-0H)  and  (-MC0)  in  dioxan 


Temperature:  50°C 


Elapsed 

Time 

hr 

Def 

»ree  of  Polymeriz 

ation 

No  Catalyst 
XV- J 

1 x 10~' 
XV- J 

racles/liter 

XI1I-J** 

FeAA  Catalyst 
XII-J** 

-A.  — V 

0 

1.00 

1.00 

1.00 

1.00 

1.00 

0.5 

— 

2.28 

1.  20 

1.02 

2.92 

1.0 

— 

3. U3 

1.37 

1.03 

5.25 

1.5 

1.0* 

U.31 

— 

— 

— 

2.0 

— 

5.13 

1.63 

1.01* 

io.5 

2.5 

1.08 

6.00 

— 

— 

— 

3.0 

-- 

6.80 

2.03 

— 

12.9 

K^0o  liter/eq 
5 hr  - 0.03 

2.0 

0.35 

0.02 

hr  3 

w Aerojet  Report  No.  638,  p.  25. 
Aerojet  Report  No.  7i*0,  p„  8. 
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(U)  Conclusions 


The  XV -diia  ocyanate  reacts  rapidly  with  J-dlol 
in  the  presence  of  iron  catalyst,  being  surpassed  only  by  3,3-dinitro-l,£- 
pentane  di isocyanate.  In  comparison,  the  XIII  dilflocyanete,  >-nitrc—3—aca- 
i#b-perrtane  diisocyanate,  containing  one  additional  methylene  group,  has  one- 
sixth  the  rate}  and  the  XII  diisocyanate,  3, 6-dinitraza-l, 8-octane  diisocya- 
nate, has  one-hundredth  the  rate  of  XV,  other  variables  being  constant.  The 
increased  reactivity  of  the  new  diisocyanate  over  the  reactivities  of  previous 
nitraza  diisocyarates  may  be  due  to  the  proximity  of  the  nitraza  group  to  one 
isocyanate  group.  This  result  will  influence  further  synthetic  work. 

b.  New  Polyurethanes 

(1)  Introduction 

(a)  The  availability  of  the  new  XV-diisocya- 
nate,  2-nit raz  a-1 , U-but&ne  diisocyanate,  makes  possible  the  preparation  of 
new  polyurethanes  from  the  available  diols.  The  structures  and  estimated 
specific  Impulse  values  are  shown  in  Table  III. 

(b)  Two  previously  described  polyurethanes, 
XII-H  and  XIII-M, have  been  successfully  nitrated. 

(2)  Preparation  of  Polyurethane  XV- A (JRA-265)  frees 
2-Nit  raz  a-1 , U-’out ane  Diisocyanate  and  2, 2-Dinit ro-1, 3-propanediol 


A solution  of  28.83  g of  2-nitraza-l,ii-butane 
diisocyanate  (assay  98£)  in  absolute  dioxan  was  added  dropwioe  to  a solution 
of  25»H  g of  dinitropropanediol  and  0,026  g ferric  acetylacetonate  in  abso- 
lute dioxan,  maintaining  the  temperature  in  the  range  30  to  liO<>C  with  inter- 
mittent ice  bath  cooling.  The  ultimate  monomer  concentration  was  50  wt  % with 
a calculated  excess  cf  0,5%  (-NC0).  The  reaction  mixture  was  maintained  at 
50°C  for  5k  hr*  then  diluted  with  acetone,  and  the  polymer  was  precipitated  by 
pouring  the  solution  into  rapidly  stirred  ice  water.  After  washing  and  drying, 
a yield  of  50  g polymer  was  obtained. 


Anal.  Calc'd  for 
Found 


3*0,  27.28$  %H,  3. Mi}  JCM,  23.86 
#C,  27.U6;  *H,  3.46}  £N,  23.92 


Heat  of  combustion,  calc'd:  27U8  cal/g 

found:  2717  cal/g 

Softening  range  x 85-95°C 

Impact  stability:  >100  cm/2kg 

Relative  viscosity:  1.47,  1$  acetone}  1.73#  1#  Butyrolactone  and 

ls75;  1*  DMF 

Kl-Starch  stability  at  65.5°C,  2 hr. 
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II  Technical  Progress:  Nitro polymers,  B (coni.) 


Report  No**  80? 


TABU!  Ill 

hct  roLmanuNEs 


Polyurethanes  XV-A  and  XV-AN 

V09  N0_ 

I 2 I-  2 

OC“N-CH0-N-CH2-CH2-N-C*0  ♦ K0-CHo-C-CHo-0H 


C5H6N|A 

2-Nitra»a-l ,U-butane 
Di  isocyanate 


2 K 2 

C3H6H2°6 

2 , 2- DJ n i t ro-1 , 3-oropane d i ol 


0 H 

II  I 


l°2 


H 0 
I II 


y I II  l l c i II  i « 

ps~i  -c-n-oh2-«-ch2-ch2-iw:-o-ch2^c-ch2-o. 


(CeH12f:6°10)n 


Theoretical  I • 165  lbf  sec/ltci 

3p 


Nitration 


t:o. 


NO, 


0 K0  NO  ,w  — 

X iWH2-N^2^2-L«-C)-CH2-C-CH2-0- 

'<°2  _J 


(c8Hl0N8°li  I 

n 

Theoretical  T ■ 230  lhf  sec 

sp 


Polyurethanes  XV-n  anu  XV-HN 


0- C - K-CR _ -N-C K _-CH N -C  -0  ♦ HO-CH_— CM— OH 


7°2 


9*2 


c5«6NlA 

2- N it ra i a-1 ^-butane 
Diisocyanate 


CSVJ°6 


5,5*5-Trinitro- 
1 , 2-pentanediol 


<0- 

”V 

2 

-N02 

H„ 

2 

OH  N02  HO 

:h0 

3-N-a:2-N-CH„-CH2-!;3-c-cn2- 

2 i 

,H-0- 

tC10H15N7°12) 


Theoretical  I ■ 188  lbf  sec /Ibn 


Nitration 


no2-c-no2 

?2 


v r If*  7°2  J°2  9H2 

> -C-;!-CH„-N-CH,  CHo-n-C-0-CHo-CH-0- 


'2  2 


(cioHi3Ny°i61 


Theoretical  I • 230  lbf  sec/lbra 
sp 


Polyurethanes  IV- J and  XV- JN 
K0o 


<- 


l°2 


O-C-H-CHg-fJ-CHg-CH^N’-C-O  ♦ HO-CH2-^-CH2- 


on 


m 

2-rtitraua-l,Ji-butane 

Diisocyanate 


0 H NO- 


W 

2-Nit  ro-2-oethyl- 
1 , 3-propanediol 


H 0 


N0o 


Ml  \ * Ml  I c 

:0-W-CK  2-CI  :2-N-C-0-CH  2-C-CH  2-0- 

CH- 

1_.  -»  — 


(C9HlSf,5°8 ) 


Theoretical  I ■ 111  lbf  sec./lt*1* 
sn 


Nitration 

0 NO.  NO-  NO-  0 NO 

II  I 2 I 2 I 2 II  I 2 

-C-N-C! ! ?-N-C!  i 2-CH  C— 0-C  H--r;-rH  ^-O- 

CH, 


‘Wt0^ 


Theoretical  I • 198  lbf  sec/lbn; 

SD 
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II  Technical  Progress:  Nitropolymers,  B (cont.) 


Report  No.  807 


(j)  Attempted  Preparation  of  Polyurethane  XV-AN  by 
Nitration  of  Polyurethane  XV- A,  (Detained  from  2-Nitraza-l,U-butane  Diisocya- 
nate and  2, 2-Dinitro-l, 3-propanediol 

(a)  Two  attempts  to  nitrate  Polyurethane  XV -A 
with  100£  nitric  acid  at  0°C,  followed  by  removal  of  excess  acid  in  vacuo, 
failed  to  yield  a product  insoluble  in  methylene  chloride.  Nitration  with 
100$  nitric  acid  for  5 min  at  0°C,  then  pouring  the  acid  solution  into  ice 
water,  gave  a product  that  was  not  in  agreement  with  the  calculated  values 
for  heat  of  combustion  and  elementary  analysis.  The  product  had  the  fol- 


lowing  characteristics : ^ 

1$  acetone  = 

r 

1.05. 

Anal.  Calc'd  for  C^H-inN^0-1  j : 

JSC,  21.73; 

$H,  2.28; 

J6N, 

2 5.3b 

Found: 

%C,  21.02; 

, 2.53; 

sax. 

2b.l6 

Heat  of  Combustion,  Calc'd: 

2100  cal/g 

Found: 

2335  cal/g 

Kl-Starch  Stability  at  65. 5C 

JC : U min 

Softening  range:  90-100°C 

Impact  Stability:  >100  cm/2 

kg. 

(b)  Polyurethanes  prepared  from  methylene 
diisocyanate  also  suffer  extensive  degradation  during  nitration.*  Inasmuch 
as  Polyurethane  XV-AN  is  similar  in  structure,**  having  two  nitraza  groups 
separated  by  one  methylene  group,  it  is  believed  that  such  a system  is  un- 
stable and  degradation  during  nitration  results  in  a mixture  of  low-mole- 
cular-weight products  (see  also  attempts  to  nitrate  Polyurethane  XV-J,  be- 
low). 


(h)  Preparation  of  Polyurethane  XV-H  (JRF-266)  from 
2-Nitraza-l,U-butane  Diisocyanate  and  5,5, 5-Trinit ro-1 , 2-pentanediol 

A dioxan  solution  of  28. lU  g diisocyanate  (assay 
9o%)  was  added  dropvn.se  to  absolution  of  55.16  g oi  diol  and  0.u5d  g ferric 
acetylacetonate,  while  the  temperature  was  maintained  in  the  range  from  30  to 
U0°C.  The  ultimate  monomer  concentration  was  50  wt  % with  a calculated  ex- 
cess of  0,11%  (— MCO).  The  solution  viscosity  .leveled  off  after  2b  hr  at  50°C, 
and  addition  of  0.25#  diol  did  not  raise  the  viscosity.  After  5l  hr  at  50°C 
the  batch  was  diluted  and  precipitated  into  -water;  the  dry  wt  was  60  g. 


Aerojet  Report  Mo.  563,  pp.  25-57. 
See  Table  V, 
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II  Technical  Progress:  Nitropolymers,  3 (cent.) 


Anal,  dale  'd  for  %C,  26. 2k;  &H,  3.55;  5&N, 

Found:  %C,  28.25;  $SH,  3.55;  $N, 

Heat  of  combustion  calc'd:  295U  cal/g 

found:  2931  eal/g 

Softening  range:  80  to  90°C 

Impact  stability ; 55  cm/2kg 

Relative  viscosity:  1.22,  1$  acetone;  1.32,  1%  Butyrolactone;  and 

1.U5,  1<  DiiF 

Kl-Starch  stability  at  65.5°C:  trace  at  38  min,  failure  at  2 hr 

(5)  Preparation  of  Polyurethane  XV- J( JRF-26L)  from 
2-Nitraza-l,l;-butane  diisocyanate  and  2-Nit ro-2-me thy 1-1 , 3-propanediol 

A solution  of  36.98  g 2-nitraza-l,U-butane  diiso- 
cyanate (assay  98/6)  in  absolute  dioxan  was  added  dropwise  to  a solution  of  26.19 
g 2-nit ro- 2-methyl -1, 3-propanediol  and  0.0137  g ferric  acetylacetonate  in  abso- 
lute dioxan,  maintaining  the  temperature  in  the  range  30  to  UC°C  with  intermit- 
tent ice-bath  cooling.  The  ultimate  monomer  concentration  was  50  wt  % with  a 
calculated  excess  of  0.556  (-NC0).  The  reaction  mixture  was  maintained  at  50°C 
for  100  hr,  then  diluted  with  acetone,  and  the  polymer  was  precipitated  by 
pouring  the  solution  into  rapidly  stirred  ice  water.  After  washing  and  drying, 
a yield  of  60  g polymer  was  obtained,  heat  of  combustion  calc 'd:  3U97  cal/g 

found:  3512  Cft-v'v 


Report  No.  807 

23.06 
23. 0U 


Anal.  Calc'd  for  : 56C,  33.65;  In 71;  21.80 

Found:  Jfc,  33.72;  J?H,  U.66;  %h,  21.55 

Softening  range:  90  to  100°C.  Kl-Starch  stability  at  65.5°C  ^ 5 hr 
Impact  stability:  100  cm/2kg  Relative  viscosity:  1.21  1%  acetone 

' - on  ^ n-* 

1.10  l,«  i/Mr 

1.61  1/6  Butyrolactone 

(6)  Attempted  Preparation  of  Polyurethane  XV-JN  by 
Nitration  of  Polyurethane  XV- J , Obtained  from  2-Nit raza~l ,4-butane  Diisocyanate 
and  2-Nit  ro-  2-methyl-l , 3-propamediol 


Page  18 


II  Technical  Progress:  Nitropolymers,  B (cont.  ) 


Report  Wo.  807 


(a)  • Attempts  to  nitrate  Polyurethane  XV-J  with 
lOO^e  nitric  acid  at  0°C,  followed  by  removal  of  excess  acid  in  vacuo,  failed  to 
yield  a product  insoluble  in  methylene  chloride.  As  in  the  case  of  XV -AN  above, 
nitration  with  100/  nitric  acid  for  5 min  at  0°C  followed  by  precipitation  in 
ice  water  gave  a product  that  was  not  in  agreement  with  the  calculated  values 
for-  heat  of  combustion  and  elementary  analysis.  The  dried  product  had  the 
following  characteristics: 

^acetone  = 1.02 
r 

Anal.  Calc 'd  for  /C,  26.28;  /H,  3.1?,*  >N,  23. 8U 

Found:  %C,  29.19;  %H,  3.1U j 22.5U 

Heat  of  Combustion  Calc'd:  2636  cal/g 

Found:  2998  cal/g 

Softening  Range:  80  to  90°C 

Impact  Stability:  >100  cm/2  kg 

(b ) Here  a; ain  tvra  nitraza  groups  are  separated 
by  a single  methylene  group,  resulting  in  instability  (see  attempts  to  nitrate 
Polyurethane  XV-A,  above). 

(7)  Preparation  of  Polyurethane  XII-HN  by  Nitration 
of  Polyurethane  XII-H;  Obtained  from  3 ,6-Dinitraza-l, 8-octane  Diisocyanate 
and  5,5, 5-Trinitro-l , 2-pent anediol 

(a)  The  preparation  of  Polyurethane  XII-H  was 
described  in  Aerojet  Report  No.  7^0,  p.  22.  Because  of  the  low  relative  vis- 
cosity of  the  first  preparation,  several  others  were  made  in  an  attempt  to 
obtain  higher-molecular-weight  starting  material  for  nitration.*  One  of  these, 
JRF-257,4#^  DMF  = 1,67  was  nitrated. 

(b)  Experimental  (JRF-262) 


m — /\  r"  _ _ o n , i ...  * x i.  - v w*  • ?• 

10  j & ui  » uiyiuBwiciiiB  AU-r. 


After  the  nolvmer 


^ 1%  DMF  =*  1.67  was  added  U00  ml  of  100/  nitric  acid  at  0^0. 
wasrcompletel^  dissolved,  the  excess  acid  was  removed  by  distillation  at  re- 
duced pressure.  The  resulting  viscous  mass  was  washed  twice  with  anhydrous 
dioxan,  then  dissolved  in  anhydrous  acetone.  The  polymer  v/as  precipitated  by 
pouring  the  acetone  solution  into  methylene  chloride.  The  dried  product  was 
characterized  as  follows : 


Described  in  Aerojet  Quarterly  Report  Ho.  772,  p.  ?3. 
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II  Technical  Progress:  Nitropclymers , B (cent.) 


Report  No.  807 


Anal.  Calc  'd  for  $C,  25.29;  $H,  3.10;  $N,  2b. 9 6 

Found:  $C,  25.27;  $H,  3.27;  $N,  25.07 

Heat  of  combustion,  calc’d:  27U9  cal/g 

found:  2712  cal/g 

Kl-Starch  stability  at  65.5^0:  failure  in  3 min 

'■%  1%  acetone  = 1.23 
r 

1$  butyrolactone  » 1.21 
r 

^ 1$  dimethylformamide  = 1.U3 
r 

Softening  range:  70  to  30°C 

Impact  stability:  82  cm/2kg 

(8)  Preparation  of  Polyurethane  XIII-UN  by  Nitration 
of  Polyurethane  XIII-M  Obtained  from  3-Nitraza-l, 5-pentane  Diisocyanate  and 
N , N ’ -bis ( 2-hyd roxy ethyl ) Gxamide 

(a)  An  attempt  to  nitrate  this  polymer  using 
the  standard  technique  with  100$  nitric  acid  at  0°C  failed  to  give  complete 
nitration.  Using  100$  nitric  acid  at  50  to  60°F  for  1 hr  gave  complete  ni- 
tration. 


(b)  Experimental  (JRF-233) 

To  15  g Polyurethane  XIII-M,  JRF-222, 
formic  acid  = 1.10,  was  added  150  ml  of  100$  nitric  acid  at  0°C.  After 
complete  solution  of  the  polymer  the  excess  acid  was  removed  at  reduced  pressure. 
The  viscous  mas r was  dissolved  in  absolute  DKF,  and  the  polymer  was  precipitated 
by  pouring  the  solution  into  methylene  chloride.  After  being  dried,  the  product 
had  the  following  characteristics:  ^ 1$  DMF  = 1.06 

r 

Anal.  Calc 'd  for  c12Hi6N10°i6:  25*90;  ^H'  2*?°5  2$’18 

Found:  $C,  30.83;  $H,  U.25;  $N,  25.58 

Heat  of  Combustion  calc’d:  2630  cal/g 

found:  3127  cal/g 

XI-3tarch  stability:  failure  in  9 min 

Softening  range:  75  to  85°C 

Impact  stability:  100  cm 

Fage  20 


xl  Technical  Progress:  Nit repolymers , B (cont.) 


Report  No,  60? 


(c)  Experimental  (JRF-261) 

To  15  g Polyurethane  XIII-M,  JRF-222,  f 1 1% 
formic  acid  = 1,14  '•res  added  250  ml  nitric  acid.  Temperature  was  maintained37 
at  50  to  60cC  icr  1 hr,  then  the  acid  solution  was  poured  into  2 liters  ice 
water.  The  product  was  filtered,  washed,  and  dried.  It  was  characterized 
as  follows: 

Anal.  Calc 'd  for  C., ?hi6N1o°16:  2$'9°>  2'90>  ^N>  2^*18 

Found:  J6C#  26.33;  $6H,  3.03;  %U,  25.51 

Heat  of  Combustion  calc'd:  2630  cal/g 

found:  2631  cal/g 


hi%  df.if  = 1.05 

r 

KI— Starch  stability  at  65.5°C:  failure  in  8 min 
Softening  range:  65  to  75° C 

Impact  stability:  U7  cm/2kg 

c.  Further  Work  on  Previously  Described  Polyurethanes 

(1)  Preparation  of  Polyurethane  XIII-AN  Ijy  Nitration 
of  Polyurethane  XIII-A  Obtained  from  3-Nit raza-1, 5-pentane  Diisocyanate  and 
2, 2-Dinit ro-1, 3-propanediol  Plus  1!?  tris-Hydroxymethyl  Nitromethane 

(a ) The  introduction  of  branching  and  cross- 
linking  in  the  polyurethane  chain  results  in  polyurethanes  with  improved 
physical  and  mechanical  properties.*  In  the  case  of  Polyurethane  I-A,  informa- 
tion has  been  obtained  on  the  degree  of  chain  degradation  and  change  in  solu- 
bility characteristics  that  occurred  when  a cross-linked,  insoluble  Polyurethane 
I-A  was  post-nitrated,**  This  work  has  now  been  extended  to  Polyurethane  XIII-A 
branched  with  1%  nib  glycerol.  The  XIII-A  used  as  starting  material  was  in- 
soluble in  all  solvents,  hence,  no  relative  viscosity  measurements  could  be 
made.  Since  some  degradation  occurs  during  nitration,  it  was  expected  that 
the  nitrated  product  would  be  soluble. 


Aerojet  Report  No.  772,  p.  30. 
Aerojet  Report  No.  772,  p.  23. 
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II  Technical  Progress 


(polymers,  B (cont.  ) 


Report  No.  807 


(b)  Experimental  (JRF-260) 

To  20  g Polyurethane  XIII-A  (OB--29)  con- 
taining nib  glycerol  as  branching  agent  was  added  UOO  ml  100£  nitric  acid 
at  0°C.  After  standing  1 hr  at  room  temperature,  the  excess  nitric  acid  was 
removed  in  vacuo  and  the  residue  was  dissolved  in  250  ml  anhydrous  acetone. 

The  acetone  solution  was  filtered  free  of  a few  gel  particles,  and  the  polymer 
was  precipitated  by  pouring  the  filtered  solution  into  methylene  chloride.  The 
dried  product  had  the  following  properties* 


^1%  acetone  - l.p3j  ‘/pi?  DMF  a 1,71; 
r r 

Heat  of  Combustion,  Calc'd:  2 388  cal/g 

Found:  2375  cal/g 

Kl-Starch  stability  at  65.5°C:  failure  in  ii  min 


(c)  Compared  with  linear  Polyurethane  XIII-AK 
previously  described  ■ 1.27,  1%  acetone),  a higher-molecular-weight  pro- 
duct was  obtained. 


(2)  Preparation  of  Polyurethane  XIII- JN  by  Nitration  of 
Polyurethane  XIII-J,  Obtained  from  3- .Nitraza-x, 5-pentane  Oiisocyanate  and  2-Nitro- 
2- methyl  1,3-propanediol 


(a)  Extensive  studies  of  nitration  conditions 
in  the  I-A  system  have  been  made.**  If  Runs  160a  and  163a  are  compared,  it 

is  observed  that  the  relative  viscosity  of  the  costnitrated  polymer  was  higher 
when  phosphorus  pentoxide  was  used  during  the  nitration.  However,  this  higher 
viscosity  may  have  been  due  to  the  loss  of  low*-molecular-weight  polymer  during 
the  ether  washing  of  the  product. 

(b)  It  was  of  interest  to  determine  the  effect 
of  phosphorus  pentoxidj  during  the  nitration  of  XIII-J.  Previous  attempts  to 
increase  the  relative  viscosity  of  XJII-JN  have  not  been  successful. ***  The 
use  of  phosphorus  pentoxide  did  not  improve  the  molecular  weight. 


Aerojet  Report  No.  7U0,  p.  23. 
Aerojet  Report  No.  712,  p,  lb. 
Aerojet  Report  Mo.  772,  p.  20. 
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li  Technical  Progress:  Nitropolymcrs,  B (cont.  ) 


Report  No.  607 


(c)  Experimental  (JKF-259) 

To  250  ml  100%  nitric  acid  was  added  10  g 
phosphorus  pentox.ide  and  20  g Polyurethane  XIII- J JRF-218-B,  ^1%  DMF  * 2.32. 
Excess  acid  was  then  removed  in  vacuo  and  the  product  was  washed  twice  with 
absolute  dioxan.  The  polymer  was  then  dissolved  in  absolute  T - butyroiactcne , 
precipitated  into  dioxan,  redissolved  in  butyrolactone,  and  precipitated  by 
pouring  into  methylene  chloride j ^ ^%  in  butyrolactone  was  1.63.  Omitting 
the  phosphorus  pentoxide  resulted  in  a product  of  it  1%  in  butyrolactone  equal 
to  1.66. 


(3)  Preparation  of  Polyurethane  I-A  from  2,2-Dinitro- 
1,3-propanediol  and  3, 3-Dinit ro-1, 5-pentane  Diisocyanate  plus  0.5%  tris-Iiydroxy- 
methylnitromethane 


(a)  It  was  of  interest  to  test  the  performance 
of  the  new  Beken  mixer  on  a known  system  using  a higher  monomer  concentration 
than  had  heretofore  been  possible  because  of  inadequate  mixing  methods. 

(b)  Experimental  ( RDH-U ) 

A solution  of  2U7.77  g 3, 3-dinit ro-1, 5- 
pentane  diisocyanate  (assay  93.01%)  in  absolute  dioxan  was  added  dropwise  to 
a solution  of  16U.207  g 2, 2-dinit ro-1, 3-propanediol  (assay  99.6%),  O.U98U  g 
tris-hydroxymethylnitromethane , and  0.0702  g ferric  acetylacetonate  in  ab- 
solute dioxan.  During  the  first  0.5  hr  of  the  diisocyanate  addition  no  rise 
in  temperature  was  observed.  Accordingly,  the  heat-exchange  system  was  turned 
on  and  slowly  warmed  to  U0°C.  The  temperature  of  the  reaction  mixture  was  then 
kept  below  i*5°C  by  adjustment  of  the  rate  of  diisocyanate  addition.  The  ulti- 
mate monomer  concentration  was  75  wt  % with  a calculated  excess  of  0.5%  (-NC0). 

At  the  completion  of  the  diisocyanate  addition  the  reaction  mixture  was  kept 
at  50°C,  with  mixing  for  0.5  hr  out  of  each  9.0-hr  period.  The  polymerization 
was  followed  by  measurements  of  relative  viscosity.  The  equivalence  of  monomers 
was  subsequently  adjusted  by  the  addition  of  1.1%  diisocyanate,  making  a total 
of  1,6%  excess  diisocyanate.  The  reaction  was  terminated  after  72  hr  at  50°C. 

The  very  viscous  polymer  was  then  dispersed  in  acetone  and  dioxan.  The  polymer 
was  quite  insoluble,  and  final  dispersion  was  performed  in  the  l«o rehouse  mill 
set  at  the  finest  grind.  The  polymer  was  then  precipitated  in  water  using  the 
VlnTfthoiisft  min  The  rvrerird bated  nolvmer  was  next  washed  and  crotind  in  success- 
ively  finer  grinds  until  the  finest  grind  on  the  mill  was  reached.  A representa- 
tive sample  was  then  dried  in  vacuo.  The  polymer  was  insoluble  in  acetone, 
dimethyl  formamide  and  dioxan. 


(c)  rlcnomer  concentrations  up  to  75  wt  % can 
be  run  in  the  Beken  mixer,  A more  efficient  method  of  following  the  rate  of 
polymerization  in  the  mixer  is  needed.  Neither  the  pilot  batch  nor  the  rela- 
tive-viscosity methods  are  completely  satisfactory.  It  was  hoped  to  be  able 
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to  follow  the  run  by  use  of  an  ammeter  which  measures  the  load  on  the  motor 
during  mixing.  It  was  found  that  the  readings  were  of  such  a nature  that  no 
correlation  could  be  found  between  them  and  the  known  relative  viscosities. 
With  a larger  run  the  readings  might  be  more  constant  and  future  polymeriza- 
tions in  the  Beken  mixer  could  be  followed  by  this  method. 


(!i)  Fractionation  of  Polyurethane  I— API 


(a)  In  the  preparation  of  postnitrat«d  poly- 
urethanes, a good  deal  of  effort  has  been  expended  in  developing  conditions 
for  maximum  nitration  with  a minimum  of  chain  degradation.  Quantitative  ni- 
tration has  been  achieved,  but  some  unknown  degree  of  chain  degradation  oc- 
curred. In  addition,  the  thermal  stability  of  the  postnitrated  product  left 
much  to  be  desired.*  In  a recent  attempt  to  determine  osmometrically  the 
molecular  weight  of  a sample  of  Polyurethane  I-AN,  it  was  observed  that  about 
30%  of  the  sample  diffused  through  the  membrane.**  This  indicated  that  a good 
deal  of  degradation  raust  have  occurred  during  the  nitration.  If  is  believed 
that  these  small  fragments  having  nitrate  end  groups  may  be  the  cause  of  ther- 
mal instability  in  postnit rated  polymers.  During  the  past  period,  a partial 
fractionation  was  conducted  on  a sample  of  Polyurethane  I-AN, 


(b)  ( JRF-,  7) 


,1* 


Polyurethane  I-A,  70  g JKB-17U  acetone  = 
1.81,  was  dissolved  in  700  ml  of  100$  nitric  acid  at  0°C.  Excess  acid  was  then 
removed  in  vacuo  at  0 to  20°C,  and  the  residue  was  dissolved  in  anhydrous  dioxan. 
The  nitrated  polymer  was  precipitated  by  pouring  the  dioxan  solution  into  methylene 
chloride.  The  dry  polymer  weighed  81  g and  1%  in  acetone  had  a relative  viscosity 
of  1.66.  Eighty  grams  of  Polyurethane  I-AN  was  dissolved  in  8 liters  absolute 
dioxan,  and  dry  hexane  (880  ml)  was  added  until  a slight  turbidity  was  produced. 

The  addition  of  hexane  was  continued  drcpvri.se  with  stirring  until  a total  of  1 
liter  had  been  added.  The  precipitated  polymer  was  allowed  to  settle,  the  mother 
liquor  was  decanted,  and  the  polymer  was  redissolved  in  h liters  absolute  dioxan. 
The  addition  of  U25  ml  hexane  produced  turbidity,  then  75  ml  more  hexane  was 
added  dropwise.  The  mother  liquor  was  decanted  and  the  polymer  was  dissolved  in 
dioxan  and  precipitated  into  methylene  chloride,  giving  fraction  267-2,  10  g. 

To  the  mother  liquor  from  267-2  was  added  500  ml  hexane,  giving  267-3,  8 g.  An 
mother  liquors  were  combined,  concentrated  in  vacuo  at  30  to  i.0°C,  then  poured 
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TABLE  IV 


POLYURETHANE  I-AN  FRACTIONS 


Fraction 

Weight 

g . . 

1%  acetone 

Warburg  Stability 
at  65.5°C,  mi/lOOg/hr, 
(vol.  reduced  to  STP) 

Kl-Starch 
Stability  at 

65.5°c 

267-2 

10 

1.63 

0,60 

12-min  failure 

267-3 

8 

1.63 

0,60 

13-min  failure 

267-ii 

52 

1.31 

1.1 

13-min  failure 

(c) 

Conclusions 

Degradation  occurred  during  the  fractionation 
Although  the  higher-molecular-weight  fractions  evolve  less  gas  than  the  low- 
molecular-weight  material,  there  is  no  improvement  over  unfractionated  I-AN, 
which  has  a Warburg  stability  of  0.30  to  O.oU  ml/lOOg/hr  at  65.5°C.'** 

a.  A Study  of  the  effect  of  Monomer  Equivalence  on 
Molecular  Weight:  Depolymerisation 

^ (1)  Interchange  reactions  in  condensation  polymers 

are  .known  to  occur.  Examples  are  alcoholysis  of  polyesters,  ammonolysis 
of  polyamides,  and  polyester  interchange.  It  has  been  suspected  that  a dy- 
namic equilibrium  exists  in  the  polyurethane  reaction  catalyzed  by  a metal 
chelate.  With  the  use  of  the  very  effective  ferric  acetylacetonate  catalyst 
it  was  observed  that  adjustment  of  monomer  equivalence  was  almost  as  simple 
as  an  acid-base  titration.  Vfaen  the  reaction  mixture  was  deficient  in  iso- 
cyanate function,  addition  of  diisocyanate  resulted  in  an  increase  in  solu- 
tion viscosity.  When  an  excess  of  isocyanate  function  existed,  the  addition 
of  diol  resulted  in  an  increase  in  solution  viscosity.  In  some  instances, 
addition  of  an  excess  of  monomer  caused  a decrease  in  solution  viscosity. 

Figure  U depicts  a preparation  of  Polyurethane  I-J  from  3,3-dinitrc=l,5- 
Dentane  diisocyanate  and  2-nit ro- 2-motliyl-l , 3-propanediol  in  which  this 
effect  was  observed. 


(2)  If  polyurethane  interchange  occurs  in  the 
presence  of  the  iron  catalyst  the  above  experimental  observations  can  be  ex- 
plained. The  highest  molecular  weight  and  hence  highest  solution  viscosity 
are  observed  at  exact  equivalence  of  monomers  and  further  addition  of  either 
monomer,  through  interchange  with  polymer,  results  in  a d:Lfferent  equilibrium 
molecular- weight  distribution.  One  would  expect  the  solution  viscosity  and 
degree  of  polymerization  to  decrease  as  monomer  is  assimilated  in  excess  of 
equivalence. 
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(3)  Runs  nave  been  made  with  two  known  (I-A  and 
I-J ) polyurethane  systems  at  different  monomer  concentrations  to  find  the  cor- 
relation between  solution  and  relative  viscosities  and  the  amount  of 
monomer  added  after  true  monomer  equivalence  has  been  reached. 

(U  ) Experimental  (RDH-12  ) 

To  71.129  g (0.8513  eq,  assay  99.h%),  of  2,2- 
dinitro-1, 3-propanediol  and  0.077  g ferric  acetylacetonate  (1  x 10"u  eq)  in 
absolute  dioxan  was  added  105.191  g (0.8513  eq,  assay  98.8$)  of  3 ,3-dinitro- 
1, 5-pentane  diisocyanate  in  absolute  dioxan.  The  temperature  of  the  reaction 
mixture  was  maintained  below  50°C  by  application  of  a water-ice  bath.  The 
ultimate  monomer  concentration  was  .50  wt  %,  After  completion  of  the  diisocya- 
nate addition  the  reaction  vessel  was  placed  in  a 50°C  bath.  The  polymeriza- 
tion was  followed  by  measurements  of  the  solution  viscosity.  At  intervals 
samples  were  withdrawn  for  measurements  of  relative  viscosity.  Each  time  a 
sample  was  taken  an  addition  of  diisocyanate  was  made.  The  results  of  this  ex- 
periment are  shown  in  Table  V and  Figure  5. 

(5)  Experimental  (IiDH-lU) 

To  30.776  g (O.U5558.  equivalent)  2-nitro-2-methyl- 
1, 3-propanediol  and  0.1608  g (5  x 10“  ^ equivalent)  ferric  acetylacetonate  in 
absolute  dioxan  was  added  56.289  g (O.U555U  eq. , assay  98.8$)  3 ,3-dinit ro-1, 5- 
pentane  diisocyanate.  Temperature  during  the  diisocyanate  addition  was  held 
below  50°C  by  means  cf  a water-ice  bath.  The  ultimate  monomer  concentration 
was  35  wt  %.  The  reaction  mixture  was  then  placed  in  a 50°C  bath,  and  the 
polymerization  was  followed  in  the  manner  described  in  Paragraph  U,  above. 
Results  of  the  experiment  are  shown  in  Table  VI  and  Figure  6. 

(6)  These  results  show  that  both  solution  and  rela- 
tive viscosities  decrease  when  monomer  equivalence  is  exceeded.  Furthermore, 
this  indicates  that  interchange  with  the  polyurethane  occurs,  resulting  in  a 
lower  weight  average  molecular  weight. 
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TABUS  V 

POLYURETHANE  I-A,  R OH-12 

Variation  in  Solution  and  Relative  Viscosities  with  Monomer  Equivalence 


Sample 

No. 

Time 

hr 

Diisocyanate 

eq. 

Diol 

eq. 

Diisocyanate 

% 

Excess 

Solution 

Viscosity 

sec 

Relative 
Viscosity 
1$  acetone 

12-A 

25.0 

0.8513 

0.8513 

0.0 

133 

1.56 

12-B 

U8.0 

0.856U 

0.8513 

0.602 

1220 

1.80 

12— C 

66.5 

0.8620 

0.8513 

1.261 

1106 

1.63 

12-D 

92.5 

0.8700 

0.8513 

2.197 

7 hh 

1.83 

12-E 

18U.5 

0.8737 

0.8513 

2.631 

281 

1.72 

12-F 

208.5 

0.8795 

0.8513 

3.311 

225 

1.66 

TABLE  VI 

POLYURETHANE  I-J,  RDH-lU 

Variation  in  Solution  and  Relative  Viscosities  with  Monomer  Equivalence 


Sample 

No. 

Time 

hr 

Diisocyanate 

eq. 

Diol 

eq. 

Diisocyanate 

% 

Excess 

Solution 

Viscosity 

sec 

Relative 
Viscosity 
1$  acetone 

lU-A 

16.0 

O.U555U 

o.l*555U 

0 

75 

1.70 

li*-B 

96.0 

O.U5855 

c.li5$5k 

0,65? 

120 

1.77 

*»  1.  n 

1 on  d 

0.1.6313 

0J1555I1 

1.658 

U5 

1.63 
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III.  TECHNICAL  PROGRESS : FORMULATION  STUDIES  (Contract  N7onr-lr62) 

A.  INTRODUCTION 

1 = During  the  past  year  a great  deal  of  information  has  been 
collected  on  the  effect  of  branching  and  crosslinking  on  polyurethanes.  Many 
other  factors,  such  as  the  rate  and  the  order  of  addition  of  the  components, 
the  use  of  an  excess  of  one  of  the  reactants  and  subsequent  monomer  adjust- 
ment, have  been  investigated.  These  tedious  and  time-consuming  experiments, 
together  with  theoretical  considerations,*  form  the  basis  for  the  development 
of  a casting  process  which  may  be  used  in  the  preparation  of  a nitropolymer 
propellant  grain.  During  the  past  quarter  the  emphasis  in  the  formulation 
work  has  been  shifted  from  the  step-by-step  accumulation  of  information  to 
the  use  of  all  the  previous  experience  in  actual  casting  experiments.  The 
present  report  deals  with  the  development  of  a casting  technique  which  would 
lead  to  gelled,  bubble-free  polymer  grains,  using  only  simple,  two-component 
systems  (nitropolymer  and  solvent-plasticizer).  Two  approaches  studied  have 
been  the  one-stage  casting  process  and  the  two-stage  casting  process.  A 
measure  of  success  was  achieved  using  each  process,  and  their  relative  merits 
have  been  evaluated.  It  was  also  found  possible  to  obtain  gelled  castings 
exhibiting  good  physical  properties  using  polynitro  compounds  as  solvent- 
plasticizers. 


2.  The  possibility  of  extruding  nitropolymers  was  also  studied 
during  this  period,  and  it  was  found  that  in  the  presence  of  inorganic  salts, 
plasticized  nitropolyurethanes  could  easily  be  extruded  to  give  smooth-sur-  • 
faced,  uniform  rods  possessing  remarkably  high  tensile  strengths.  This  dis- 
covery led  to  the  preparation  and  evaluation  of  extruded  formulations  con- 
taining ammonium  nitrate  and  ammonium  perchlorate  with  nitropolyurethane 
binders.  The  preliminary  results  of  these  studies  have  been  encouraging, 
and  the  formulations  show  promise  of  wide  utility, 

B,  CASTING  STUDIES 
1.  Discussion 

a.  Some  of  the  many  problems  encountered  in  attempting 
to  cast  nitropolyurethane  grains  have  been  the  following:  (1)  dissipation 

of  the  heat  of  polymerization;  (2)  bubble  formation;  (3)  maintaining  an- 
hydrous conditions;  (U)  working  at  low  solvent  concentrations;  (5)  thermal 
stabilities;  (6)  reproducibility;  (7)  curing  schedule;  and  (8)  mold  re- 
lease. Each  of  these  problems  has  been  touched  on  in  this  past  period;  and 
it  is  possible  to  state  that  in  the  twe -component  systems,  at  least,  these 
problems  have  been  largely  solved.  It  is  believed  that  the  solutions  found 
will  be  applicable  to  more  complex  formulation  systems,  or  if  not,  they  will 
represent  sound  starting  noints  for  fuj-ther  study.  Each  of  these  problems  is 
discussed  below. 


Aerojet  Report  No.  772,  p.  3U. 


Page  29 


Ill  Tectuical  Progress:  Formulation  Studies.  R (cont.  ) 


Report  No . 807 


b.  It  is  well  known  that  the  formation  of  simple  urethanes 
occurs  with  vigor,  and  in  the  catalyzed  polycondensation  of  a diol  with  a diiso- 
cyanate this  sane  vigor  is  very  much  apparent.  The  energy  release  involved  in 
urethane  formation  is  about  $2  kcal  per  mole,  about  three  tines  the  value  for 
olefinic  polymerization.  The  dissipation  of  this  large  amount  of  heat  proves, 
in  practice,  to  be  no  problem.  Using  a low  catalyst  concentration  and  a low- 
temperature  cure  (made  possible  by  the  use  of  the  metal-chelate  catalysts) 
represents  the  solution  in  the  one-stage  casting  process.  If  a low-molecular- 
weight  prepolymer  is  made,  using  portionwise  addition  of  one  monomer  to  the 
other,  and  at  a monomer  ratio  not  equal  to  unity,  it  is  possible  to  remove 
rapidly  most  of  the  heat  energy  before  the  casting  is  made.  To  the  prepolymer 
is  then  added  the  remainder  of  monomer  and  cross-linking  agent,  thereby  bringing 
the  monomer  ratio  to  equivalence.  The  still  viscous  solution  is  then  transferrec 
to  molds,  and  the  cure  is  carried  out.  This  latter  technique  is  the  essence  of 
the  two-stage  process. 

c.  The  problem  of  bubble  formation  in  grain  castings  is 

not  a new  one.  However,  in  polyurethane  systems  the  problem  is  much  more  acute. 
One  of  the  many  active  hydrogen  compounds  that  react  with  isocyanates  is  water. 
The  initial  carbamic  acid  reaction  prc  ’ • . nstabl  „•  tow' r _ he-ut,  and  on  de- 

composition gaseous  carbon  dioxide  is  formed: 

-OH >R-Lh  + C0o 

^ 2 

Without  using  the  extremes  in  anhydrous  conditions,  it  is  virtually  impossible 
to  avoid  some  carbon  dioxide  formation.  One-tenth  gram  of  water  forms  12ii  ml 
(STP)  of  carbon  dioxide  on  reacting  with  an  excess  of  an  isocyanate.  Thus, 
one  problem  is  best  met  by  using  a vacuum  degassing  technique  while  the  polymer 
solution  is  still  thin  enough  to  allow  the  bubbles  to  escape.  It  is  obvious 
that  the  gel  time  in  these  systems  must  be  much  greater  them  the  time  for  all 
the  water  to  be  consumed.  Gel  time  is  best  adjusted  by  varying  catalyst  con- 
centration. In  the  two-stage  process  the  prepolymer  solution  in  the  presence 
of  catalyst  is  completely  degassed  of  air  and  carbon  dioxide  in  several  hours. 

In  the  one-stage  process,  the  monomer  solution  is  degassed  prior  to  the  addi- 
tion of  catalyst. 


R-NCO  + H„0  ■ 


- R-N-C 


d.  From  the  considerations  stated  above,  it  is  obvious 
that  great  care  must  be  used  to  minimize  contact  with  moisture.  Besides  being 
a potential  gas-formjng  agent,  water  consumes  diisocyanate,  and  thus  alters 
the  monomer  ratio.  It  is  seen  that  small  quantities  of  water  could  easily 
destroy  equivalence  to  the  extent  of  preventing  gelation.  In  practice,  a 
slight  calculated  excess  of  diisocyanate  (l  to  2%)  is  always  used  to  compensate 
for  such  losses. 
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e,  Although  optimum  plasticizer  levels  have  yet  to  be 
determined  for  these  nitropolyurethane  systems,  it  is  probable  that  the  level 
will  be  low.  Thus,  when  the  plasticizer  is  used  as  the  polymerization  solvent, 
there  is  a certain  limit  of  solvent-plasticizer  concentration  below  which  the 
necessary  handling  operations  are  impossible.  It  is  in  this  regard  that  the 
one-stage  casting  process  has  great  advantage.  Ail  the  handling  and  transfer 
operations  in  the  one-stage  process  take  place  prior  to  any  polymerization, 

and  hence  it  can  be  expected  that  much  lower  plasticizer  levels  can  be  attained. 
Using  the  two-stage  casting,  operations  become  cJifficult  at  about  25  wt  % sol- 
vent-plasticizer. The  use  of  liquid  monomers  would  of  course  facilitate  working 
at  still  lower  plasticizer  levels. 

f . Thermal  stability  is  an  ever-present  problem  with  nitro- 
polymers.  However,  based  on  previous  polymer  stability  studies,  we  have  availa- 
ble a number  of  nitropolyurethane  systems  of  fair  impulse  exhibiting  stabilities 
(Kl-starch  and  gassing  rate  at  65.5°C)  as  good  or  better  than  stabilized  double- 
base propellant.  End-group  stability  studies  have  indicated  the  desirability  of 
maintaining  isocyanate  end  groups  when  using  the  A-diol,  2, 2-dinit ro-1, 3-propane- 
diol. 


g.  The  necessity  of  reproducibility  in  preparing  a nitro- 
polymer  grain  is  fundamental.  In  the  past,  great  difficulty  has  been  encountered 
in  reproducing  relative  viscosities  of  linear  and  branch-chained  polyurethanes. 

The  ultimate  molecular  weight  is  extremely  sensitive  to  monomer  ratio,  and  thus 
weighing  errors  and/or  handling  losses  of  small  magnitude  can  easily  be  amplified 
to  show  large  differences  in  chain  length  between  two  apparently  identical  poly- 
mer preparations.  Now,  as  the  trifunctional  monomer  concentration  is  increased 
t.o  the  critical  level  for  gel  formation  (about  1%  in  these  systems)  this  amplifi- 
cation is  even  greater.  For  these  reasons  the  preliminary  casting  experiments 
conducted  in  this  period  have  utilized  a higher  level  of  cross-linking  agent  to 
avoid  the  precariousness  of  working  in  this  critical  zone.  In  all  cases  studied, 
a gel  obtained  once  was  able  to  be  duplicated.  Reproducibility  of  the  more  subtle 
properties  of  these  grains  has  yet  to  be  determined  by  stress-relaxation  analysis. 
Calculations  based  on  Flory's  gel-point  criteria  indicate  that  at  a given  cross- 
linking  level  the  maximum  variation  in  monomer  ratio  which  still  produces  a gel 
is  equal  to  slightly  less  than  twice  the  concentration  of  cross-linking  agent. 
Thus,  a polyurethane  system  containing  2%  cross-linking  agent  would  theoretically 
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necessity  for  extremely  high  precision  in  weighing  monomers  becomes  less  and  less 
important  for  the  obtaining  of  a gel  as  the  cross-linking  level  increases.  The 
effect  on  mechanical  properties  of  variation  of  monomer  ratio  within  the  gel 
limits  is  yet  to  be  determined. 
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h.  The  curing  of  most  of  the  systems  studied  was  conducted 
at  50°C.  Gel  times  ware  from  5 to  20  hours  depending  on  the  system  and  catalyst 
concentration  used.  Several  runs  cured  at  65.5°C  showed  signs  of  decomposition. 
Runs  cured  at  room  temperature,  while  shewing  much  longer  gel  times,  produced 
castings  of  similar  properties  to  the  i>G°C  cures.  It  was  observed  that  when 
too  high  a catalyst  concentration  was  used,  the  cure  was  exceedingly  fast,  and 
the  large  thermal  gradients  arising  in  the  casting  gave  rise  to  what  appeared 
as  mixing  lines.  These  lines,  usually  at  the  center  of  the  casting,  often 
were  the  nuclei  for  void  formations  as  the  grain  was  cooled  during  the  release 
operation. 


i.  It  was  found  that  silicone  high-vacuum  grease  used 
against  glass  was  an  excellent  mold  release  for  these  systems. 

2.  The  One-Stage  Casting  Process 

a.  The  superiority  of  the  one-stage  process,  as  previously 
indicated,  lies  in  the  possibility  of  working  at  low  solvent-plasticizer  levels, 
as  well  as  the  obvious  simplicity  of  the  system.  The  main  liabilities  are  the 
longer  degassing  and  curing  times.  Table  VII  shows  typical  systems  studied  in 
the  one-stage  process. 

b.  Experimental 

Monomers  were  weighed  into  a 12$-ml  Erlenmeyer  flask 
in  quantities  always  giving  2%  excess  diisocyanate.  The  cross-linking  agent 
used  was  tris- (hydroxymethyl ) nitrornethane.  The  solvent-plasticizer  was  added, 
and  after  a homogeneous  solution  was  obtained,  the  flask  was  placed  in  a £0°C 
bath  and  vacuum  degassed  until  all  gassing  ceased  (?  to  10  hr).  The  monomer 
solution  was  then  cooled  to  0°C,  a solution  of  fex-ric  acetylacetonate  was  added, 
and  the  liquid  -was  then  transferred  to  the  molds  (silicone- greased  test-tubes). 

The  test-tube  castings  were  placed  in  a $0°C  bath,  given  a final  degassing,  and 
then  allowed  to  cure.  Mold-release  was  effected  by  cooling  the  castings  to 
below  0°C,  and  then  breaking  the  glass  away  from  the  grain. 

3.  The  Two-Stage  Casting  Process 

a.  In  brief,  the  two-stage  process  involves  the  preparation 
of  a low-raoiecular-weaght  prepolymer,  using  the  plasticizer  as  the  poiymerizatior 
solvent,  and  the  subsequent  addition  of  a small  amount  of  monomer  and  cross- 
linking  agent  to  bring  the  monomer  ratio  to  unity.  This  system  then  leads  to  a. 
gelled  structure  during  the  second-stage  coring.  Curing  the  first-stage  prepoly- 
mer preparation.,,  most  or  the  heat  of  polymerization  is  easily  disposed  of.  The 
degassing  operation  is  rapidly  accomplished  during  the  first  stage,  being  done  in 
the  presence  of  catalyst  which  promotes  the  reaction  of  water  with  isocyanate,  as 
well  as  the  desired  urethane  formation.  The  degree  of  polymerization  of  the  pre- 
polymer can  be  adjusted  over  wide  limits  simply  by  varying  the  initial  monomer 
ratio  in  the  first  stage.  In  practice,  the  prepolymer  DP  must  be  very  low  for 
the  solution  to  be  workable;  at  the  time  any  solid,  immiscible  components  are 
added  to  these  systems,  it  will  be  possible  to  prevent  solid-phase  settling  simply 
by  adjusting  prepolymer  DP.  Table  VIII  shows  the  relationship  between  initial 
monomer  ratio,  degree  of  polymerization,  molecular  weight,  and  extent  of  total  re- 
action. The  value  of  extent  of  total  reaction  is  also  equivalent  to  the  fraction 
of  total  heat  content  of  the  system  released  in  the  first  stage. 
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TABLE  VII 
ONE-STAGE  CASTINGS 


Solv.  Glycerol  Cat.  Cone. 


Run 

No. 

Poly- 

urethane 

Solvent- 

Plast, 

Cone. 

(wt%*) 

Cone, 
(equiv  %) 

(moles  PeAA/ 

IF  1JPA  ^ 
xxv  nw  f 

Cure 

RcouXuS 

202 

XIII-A 

Dioxan 

50 

8 

1 X lO-*4 

17  hr  at 
50°C 

Rubbery  gel,  slight 
odor  of  dioxan 

203 

ii 

DNH1 

5o 

8 

1 x 10“ ^ 

70  hr  at 
5o°c 

Soft,  rubbery  gel 

20U 

n 

TNP2 

5o 

8 

1 x 10-i4 

16  hr  at 
5o°c 

Hard  gel,  polymer 
separated  as  solid 
phase 

205 

I-A 

TNP 

33 

6 

1 x 10“U 

2U  hr  at 

5o°c 

Hard,  rubbery  gel 

206 

XIII-A 

Dioxan 

33 

h 

1 x Hf*4 

16  hr  at 

5o°c 

Rubbery  gel,  faint 
odor  of  dioxan 

220 

it 

ti 

20 

2 

1 x 10~5 

5 days 

at  50°C 

No  gel.  Conclude 
monomer  impurities 
consumed  catalyst. 

221 

if 

ii 

ho 

2 

2 x 10"5 

h days 
at  50°C 

Rubbery  gel 

222 

if 

it 

ho 

10 

2 x 10“^ 

3 days 
at  50°C 

Hard,  rubbery  gel 

223 

tt 

MDNV3 

25 

h 

3 x 10“^ 

16  hr  at 
50°C 

Very  hard  gel 

22h 

!! 

Dioxan 

uO 

10 

— ^ 

d X XU 

4 days 
at  50°C 

Hard,  rubbery  gel 

225 

I-A 

MM*4 

23 

h 

2 x 10-5 

3 days 
at  50°C 

Rubbery  gel 

226 

XIII-A 

Dioxan 

hO 

10 

2 x 10“5 

h days 
at  50°C 

Hard,  rubbery  gel 

^ DNK  is  5,5-Dinitro- 

-2-hexanone 

2 TUP  is  5,5,5-Trinitro-2-pentanone 

3 MDNV  is  Lethyl  U.U-dinitrovalerate 
^ Nil  is  Uitrome  thane 
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TABLE  VIII 

DEGRiio  OF  POLYMERIZATION  OF  PREPOLYMER  AS  A FUNCTION  OF  FONDLE  A RATIO 


Monomer  Ratio 
First  Stage 
(moles  OH/moles  NCO) 

Degree  of 
Polym.e  riz  at  ion 

Molecular  Weight 

~r-x  TiirXr 

Extent  of 
Total  Reactii 

0.50 

3.00 

600 

550 

0.67 

0.60 

4.00 

820 

730 

0.75 

0,70 

5.67 

1160 

io4o 

0.82 

0.80 

9.00 

1840 

1650 

0.89 

0.90 

19.00 

3900 

35a) 

0.95 

b. 

To  facilitate  the  handling  and  transfer  of 

the  viscous  prepolymer  solutions , a special  piece  of  apparatus  was  conceived 
and  fabricated.  The  apparatus,  in  essence,  is  a resin  flask  fitted  at  the 
bottom  with  a wide-bcre  stopcock  and  a special  vacuum  take-off,  permitting 
the  casting  of  extremely  viscous  solutions  with  no  contact  to  air  or  moisture. 
The  lower  workable  limit  of  plasticizer  level  has  been  markedly  decreased  by 
the  use  of  this  apparatus, 

c.  Table  IX  shows  pertinent  data  on  some  of  the  systems 
studied  in  the  two-stage  process. 


TABLE  IX 


TWO-STAGS  CASTINGS 


Nib 

Solv.  Glycerol 

Run  Cone.  Cone,  Cat.  Cone.  Prepolymer 

No,  Solvent  (wt%)  (equiv  %)  (moles  FeAA/equiv  NCO)  DP Cure Results 


208 

Dioxan 

33 

4 

10-4 

9.0 

20  hr 

5o°c 

at 

Rubbery  ge 
Faint  odor 
of  dioxan 

211 

Dioxan 

25 

4 

ID-* 

4.0 

20  hr 

5o°c 

at 

Hard  rub- 
bery gel 

216 

Dioxan 

25 

4 

7.5  x ICT* 

4.c 

20  hr 

5o°c 

at 

Hard  rub- 
bery gel 
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d.  Experimental 

All  runs  were  made  with  Polyurethane  XI II- A,  obtained 
from  3-n it raz a- 1,5-pentane  diisocyanate  and  2,2-dinitrc-l,3-prcpanediol,  To 
the  diol  and  catalyst  in  the  casting  vessel  were  added  droprri.se  a solution  of 
the  diisocyanate.  In  every  case  the  prepolymer  had  isocyanate  end  groups. 

The  prepolymer  solution  was  then  placed  in  a 50°C  bath,  and  vacuum  degassed 
for  several  hours.  After  gassing  had  ceased,  the  vessel  was  removed  from  the 
bath,  and  the  solution  was  cooled  to  room  temperature.  At  this  time  the  re- 
mainder of  diol  and  the  required  triol  (nib  glycerol)  were  added,  and  the  mix- 
ture was  stirred  until  the  solids  were  dissolved.  The  final  monomer  ratio  gave 
2%  excess  diisocyanate.  A quick  degassing  was  made  at  this  point,  to  eliminate 
mixing  bubbles.  The  polymer  solution  was  then  transferred  under  vacuum  through 
the  bottom  stopcock  into  silicone-greased  test-tubes.  The  test-tubes  were  then 
placed  in  a 50°C  bath,  and  given  a final  degassing.  Complete  cure  was  effected 
withxn  20  hours  at  50°C. 

U.  Isolation  of  I-H  Prepolymer 

a.  To  study  further  the  two-stage  casting  process,  it  was 
of  interest  to  attempt  to  isolate  and  characterize  a low-molecular-weight  pre- 
polymer. The  Polyurethane  I-H  system  ( 3 , 3-dinitro-l , 5-pentane  diisocyanate  and 
5, 5, 5-trinitro-l, 2-pentane  diol)  was  chosen  for  study  because  of  the  relatively 
stable  structure  of  the  diol.  An  attempt  to  isolate  a I-A  prepolymer  (3, 3-di- 
nitro-l, 5~pentane  diisocyanate  and  2 , 2-dinitro-l , 3-propane  diol)  with  hydroxy 
end-groups  resulted  in  a violent  fume-off. 

b.  Experimental 

To  673  milliequivalents  5>5,5-trinitro-l,2-pentanediol, 
35  milliequivalents  nib  glycerol,  C.Q67  milliequivalent  ferric  acetylacetonate , 
and  75  ml  absolute  dioxan  in  a 500-ml  resin  flask  was  added  dropvri.se  a solution 
of  636  milliequivalents  3, 3-dinitro-l, 5-pentane  diisocyanate  in  75  ml  absolute 
dioxan.  After  remaining  19  hr  at  50°C,  the  slightly  viscous  prepolymer  solu- 
tion was  diluted  with  acetone,  filtered,  and  precipitated  into  water.  After 
vacuum  drying  the  following  data  were  obtained: 

Yield:  99% 

Softening  Range:  60  to  70°C 

Molecular  height  Found:  3770  (Isopiestic) 

Calc’d:  1*500  (From  initial  monomer  ratio) 

Relative  Viscosity:  1.07  (1$  acetone) 

Solubility:  Soluble  in  acetone,  dioxan 

Anal.  Calc  'd  for  (C^H-^NyO^  )n:  #»  30.07;  %ti,  3.90;  JfN,  22.32 

%C,  29.92;  3.67;  %ll,  21.55 


Found : 
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c.  As  can  be  seen  from  the  experimental  details,  the 
initial  monomer  ratio  of  isocyanate  groups  to  hydroxy  groups  is  equal  to 
0.90;  and  of  the  total  hydroxy  equivalents , 5%  are  contributed  by  the  cross- 
linking  agent,  nib  glycerol.  This  set  of  conditions  has  led  to  the  isolation 
of  a soluble,  branched,  low-mo leeular-weight  prepolymer,  which,  as  shown  be- 
low, still  possesses  reactive  hydroxyl  groups  capable  of  forming  a gel  with 
the  theoretical  amount  of  diisocyanate. 

d.  Four  small-scale  runs  were  made  in  which  the  I-H 
prepolyraer  was  combined  with  various  amounts  of  monomeric  diisocyanate. 

Three  of  the  four  runs  produced  a gel,  and  judging  from  differences  in 
strength  of  the  gelled  samples,  the  optimum  ratio  of  prepolymer  to  diiso- 
cyanate corresponds  to  a prepolymer  molecular  weight  of  about  3000,  which 
is  in  good  agreement  with  the  isopiestic  molecular  weight. 

e.  The  value  of  this  soluble,  branched  prepolymer  to 
the  formulation  program  is  manifold.  The  prepolymer,  which  can  be  easily 
synthesized  and  conveniently  stockpiled  as  an  intermediate,  is  amenable  to 
most  methods  of  processing.  The  prepolymer  can  be  used  in  the  casting 
process,  as  discussed  above.  It  would  also  be  possible  to  utilize  the 
isolated  prepolymer  in  extrusion  and  compression-molding  processes. 

Future  work  will  investigate  these  and  other  processes  where  the  isolated 
pre polymer  may  be  of  use. 
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C.  EXTRUSION  STUDIES 

1.  Previous  attempts  to  extrude  plasticized  nit, ropoly urethane 3 
have  produced  only  malformed  extrusion  shapes.  It  has  been  assumed  that  the 
elastic  and  other  3 nte molecular  forces  binding  these  polyurethanes  are  too 
great  to  allow  the  flow  processes  necessary  for  normal  extrusion.  In  an 
attempt  to  reduce  and  dilute  these  polymeric  binding  forces,  an  inorganic 
salt  v/as  added  to  a plasticized  nitrcpclyurethane.  It  was  then  found  that  ex- 
trusion was  easy,  giving  rise  to  smooth-surfaced,  uniform  rods  possessing 
remarkably  high  tensile  strengths, 

2,  The  first  extrusions  were  made  using  sodium  chloride  as  the 

inorganic  salt.  The  binder  was  Polyurethane  XIII-A  (l£  cross-linked)  plasti- 
cized with  5,5-dinitro-2-hexanone.  The  handling  process  is  as  follows:  After 

polymer  and  plasticizer  are  loosely  inixed  in  an  open  container,  the  mixture  is 
further  worked  on  a roller  mill  for  about  30  minutes  at  150°F.  To  this  rubbery 
base-material  the  salt  is  slowly  added;  and  then  a number  of  folded  passes 
through  the  heated  mill  brings  the  mixture  to  a high  degree  of  homogeneity. 

This  mass  is  then  rolled  into  a cylinder  of  1-inch  diameter,  placed  in  the  ex- 
trusion wress,  and  extruded  at  a temperature  of  about  150°F  and  a pressure 

of  10,000  to  20,000  psi.  The  extru3ion~die  diameter  is  3/1.6  inch.  The  linear 
density  of  the  extruded  product  is  about  30  grams  per  meter. 


3.  The  successful  extrusions  using  sodium  chloride  immediately 
suggested  the  use  of  ammonium  nitrate  and  ammonium  perchlorate.  These  com- 
positions were  accordingly  made  up,  and,  using  appropriate  safety  measures, 
were  milled  and  extruded  in  the  same  manner  as  the  sodium  chloride  runs . 
Equally  good  extrusions  were  obtained.  They  burned  rapidly,  completely, 
and  with  a smokeless  flame.  The  extruded  products  were  characterized  by 
impact  stabilities  and  burning  rates.  Data  are  given  in  Table  X.  The 
burning  rates  obtained  under  Contract  NOa(s)  53-610-c  are  extremely  high 
for  the  nitropolymer  containing  ammonium  perchlorate  and  ammonium  dichromate. 
Ballistic  modifiers  should  be  investigated  for  reducing  the  pressure 
exponent,  and  a process  should  be  developed  which  avoicis  the  high  extrusion 
pressures  required  for  these  compositions. 

IV.  TECHNICAL  PROGRESS;  PHYSICAL  STUDIES  (Contract  N7onr-h62) 

A.  HEATS  OF  COMBUSTION 
1.  Introduction 


Correct  values  for  the  heat  of  combustion  are  required  for 
exact  specif ic- impulse  calculations.  They  also  serve  as  excellent  means  for 
confirming  the  structures  of  organic  nitro  compounds.  During  the  last  quarter 
heat- of- combust ion  runs  have  been  conducted  on  several  nitropolymers  and 
nitr op las tic iz  er s . 
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2.  Hitropolymers 

a.  Heat-of-combustion  determinations  were  run  on  several 
nitropolymers;  the  results  are  compiled  in  Table  XI.  Polyurea  XIII-^N  is  the 
postnitrated  polyurea  of  3, 3-dinitro-l, 5-pentane  diisocyanate  and  3,3-dinitrc- 
1, 5-pentane  diamine.  Experience  has  shown  that  usually  only  one-half  the  iraido 
hydrogens  of  the  polyurea  group  can  be  replaced  by  nitro  groups  in  a postnitra- 
tion  process;  the  value  of  3071  cal  g~l  for  III-^N  was  computed  on  this  basis. 
Indications  are  that  preparation  JKE-198  is  slightly  more  than  one-half  nitrated. 
Another  explanation  for  the  lower  value  may  be  given  by  a degradation  of  the 
urea  linkage  to  a nitramino  group. 

b.  The  nitrepolyursthanes  denoted  (XL)  in  Table  XI  are 
modifications  in  which  one  equivalent  percent  of  the  di- functional  diol  was 
replaced  by  nib  glycerol  as  a cross-linking  agent.  The  predicted  values  listed 
in  Table  XI  were  computed  on  the  basis  of  complete  reaction  of  the  tri-function- 
al molecule.  The  resulting  agreement  with  experimental  values  is  considered 
satisfactory.  The  preparation  of  XIII-AN(XL)  gave  corrosive  burning,  as  nave 
all  preparations  of  XIII-AN. 

3.  Mitroplasticizer 


l*3>3-Trinitrobutane  has  been  found  to  be  compatible  with 
nitropolyurethanes  and  is  being  used  as  plasticizer  in  nitropolymer  formula- 
tions. In  order  to  calculate  exactly  the  specific  impulse  of  the  compositions, 
the  heat  of  combustion  of  1,3, 3- trinit rob utane  is  required.  The  experimental 
heat  of  combustion  of  1,3,3-trinitrobutane  was  found  to  be  higher  than  the 
predicted  value.  This  compound  contains  a nitro  group  bound  to  a primary 
carbon  atom,  to  which  a correction  terra  of  13  kcal  mold"!  was  applied,  in  com- 
puting the  predicted  value.  It  may  be  noted  in  Report  No.  712*"  that  the  cor- 
rection term  for  a nitro  group  bound  to  a tertiary  carbon  atom  was  determined 
to  be  -1  kcal  mole“l,  whe  re  as  the  value  given  by  Kharasch**  is  +13  kcal  mole-1, 
with  no  distinction  made  as  to  the  nature  of  the  carbon  atom  to  which  the  nitro 
group  is  bound.  It  may  be  that  the  correction  of  +13  kcal  mole-1  is  accurate 
only  for  a nitro  group  bound  to  a secondary  carbon  atom,  and  that  the  correction 
is  higher  for  a primary  carbon  atom.  This  possibility  will  be  kept  in  mind  if 
other  compounds  with  a nitro  group  on  a primary  carbon  atom  are  found  to  give  a 
high  experimental  value.  The  agreement  between  experimental  and  predicted  values 
for  the  other  preparations  listed  in  Table  XI  is  considered  satisfactory. 


Aerojet  Report  No.  712,  10  July  1953,  pp.  2ii-2£. 

L'.  S.  Kharasch,  J.  Res.  Hat.  Bur.  Stand,  2,  359  (1929). 
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TABLE  XI 


HEAT-OF - COMBUST ION 

DETER! -I  NATIONS 

Heat  of  Combustion, 

cal  g~x 

Polymer 

Preparation 

Obtained 

Predicted 

Polyurea  III-cXH 

JKE-198 

295)i 

3071 

Polyurethane  XIV- J 

JRF-2h9 

3159 

3116 

» I -AN (XL ) 

JRF-2hl-A 

2336 

2330 

» XIII-AN(XL) 

JRF-260 

2375 

2388 

» XIII-MN 

JRF-261 

2631 

2630 

" XII-H 

JRF-257-B 

3228 

3292 

" XII-HN 

JRF-262 

2712 

27U9 

» XV-A 

JRF-265 

2717 

27k8 

" XV-H 

JRF-266 

2931 

2 95h 

» XV- J 

JRF-26U 

3512 

3h97 

1,3 ,3 -trinit robutane 

— 

2933 

2931 

Legend 

Diisocyanates : 

I 3>3-dinitro-l,5-pentanediisocyanate 

XIV  3 ,3 , 5,7 , 7-pentanitro-5-aza-l ,9-nonanediisocyanate 

XIII  3-nitraza-l,5-pentanediisocyanate 

XII  3,6-dinitraza-l,8-octanediisocyanate 

XV  2-nitraza-l,h-butanediisocyanate 
Diols 

A 2, 2-d.initro-l,  3-propanediol 

J 2-nitro-2-methyl-l,3-prcpanediol 

M W,H  - bis  (2-hydroxyethyl)  cxamide 

K 5,5,5-trinitrc-l,2-pentanediol 
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B.  OSMOMETRIC  MOLECULAR  WEIGHT  STUDIES 

1.  Introduction 


The  osmometric  molecular  weight  determinations  of  polyurethanes 
have  been  reported  previously.*  Up  to  this  time  the  molecular  weights  of  post- 
nitrated polyurethanes  have  not  been  determined;  This  report-  deals  with  the 
observation  of  diffusion  problems  in  the  determination  of  the  osmomelrio  mole- 
cular weight. 


2.  Polyurethane  I-AN 

An  attempt  was  made  to  determine  the  molecular  weight  of  the 
postnitrated  product  of  preparation  JKE-17U.  The  postnitrated  preparation, 
designated  I-AN,  JRF-2U0-D,  had  a relative  viscosity  of  l.Ul.  This  postnitrated 
preparation  diffused  through  the  membrane  to  an  extent  of  30%  or  more,  so  it 
was  not  considered  reasonable  to  attempt  any  estimate  of  molecular  weight  by 
the  osmometric  method.  An  attempt  to  determine  the  molecular  weight  by  the 
isooiestic  method  is  described  in  Section  C of  this  report. 

3.  Poly-2, 2-dinitrobutyl  Acrylate 

A rapid  estimation  of  the  molecular  weight  of  preparation 
DNBA  53  of  poly-2, 2-dinitrobutyl  acrylate,  giving  a result  of  about  258,000, 
was  reported  previously.**'  During  the  past  quarter,  a large  number  of  runs 
were  made  on  the  same  preparation  in  an  effort  to  obtain  a more  reliable  value 
for  the  average  molecular  weight.  The  reproducibility  of  the  runs  was  poor. 

The  straight  line  calculated  by  the  method  of  least  squares  for  the  n/c  versus 
c plot  had  an  intercept  of  0.0106  ml  cm~2>  with  a mean  square  error  for  the 
32  points  of  + 0.00031.  All  the  error  was  assumed  to  be  in  the  determination 
of  rr/c.  This  is  equivalent  to  a molecular  weight  of  238,000  tgoSo.  The  reason 
for  the  poor  precision  of  the  runs  is  not  known.  It  is  not  attributed  to 
diffusion  through  the  osmotic  membrane,  because  no  evidence  of  diffusion  could 
be  obtained. 

C.  ISOPIESTIC  MOLECULAR  WEIGHT  STUDIES 
1.  Introduction 


The  isopiestic  method  of  molecular-weight  determination,  de- 
scribed in  earlier  reports,***  has  proved  to  be  vary  valuable  for  analyzing 
polymers  which  are  too  low  iji  molecular  weight  for  determination  by  the  osmo- 
metric method.  A means  of  checking  the  isopiestic  technique  by  an  independent 
method  of  molecular-weight  determination  has  been  desired.  During  the  past 
quarter,  two  such  checks  have  been  obtained,  with  satisfactory  agreement  in 
both  cases.  The  isopiestic  method  has  also  proved  to  be  very  effective  in  pro- 
viding positive  evidence  of  decomposition  of  poiymer  in  solution,  in  cases  where 
decomposition  is  suspected. 


Aerojet  Reports  No.  772,  p.  hi}  7U0,  p.  3h;  712,  p.  26;  686,  p.  26. 
Aerojet-General  Report  No.  71*0,  15  September  1953,  p.  39. 

Aerojet  Reports  No.  638,  7 October  1952,  pp.  53-62;  No.  663,  23  December  1952, 
pp.  32-35. 


Page  III 


TV  Technical  Progress5  Physical  Studies,  0 (cont. ) 


Report  No*  80? 


2.  Determination  of  Thiokol  Resins 


a.  In  order  to  confirm  the  isopiestic  method  for  low- 
molecular  weight  polymers,  three  samples  were  run  by  an  alternative  method 
in  an  independent  laboratory.  The  samples  were  liquid  polysulfide  polymers, 
furnished  by  the  Thiokol  Chemical  Corporation,  with  molecular  weights  de- 


termined by  the  czyoscupxc  method,  mo  isOpieetic  dsts.uiiziaticns  ” 


4- 


Aerojet  laboratory  were  made  in  benzene  as  a solvent  at  46°C.  The  compari- 
son of  results  is  shown  in  Table  III.  It  is  concluded  that  the  agreement  be- 
tween values  is  sufficient  to  verify  the  isopiestic  technique. 


TABLE  XII 


MOLECULAR  WEIGHTS,  THIOKOL  RESINS 


Aerojet-General 
Polymer  (Isopiestic) 


ZL-152 


2560 


ZL-151  81x3 

ZL-159  595 


3.  Polyurethane  I-J,  JKF-195-Q-2 


Thiokol 

(Ciyoscopic) 

2590 

725 

591 


a.  A further  verification  of  the  isopiestic  technique 
was  made  by  running  one  of  the  fractions  of  the  fractionated  batch  of  Poly- 
urethane I-J,  on  which  a determination  by  the  osmometric  method  was  made  in 
this  laboratory.  The  osmometric  determination  gave  a result  of  43,800,  which 
is  now  considered  about  the  upper  practicable  limit  for  molecular-weight  de- 
termination by  the  isopiestic  method.  The  result  of  seven  runs  by  the  iso- 
piestic method  is  shown  in  Figure  7.  The  straight  line  calculated  by  the 
method  of  least  squares  for  the  six  points  conforming  most  closely  to  a linear 
plot  gives  an  intercept  ox  2.3U  x 10“5,  with  a mean  square  error  for  the  six 
points  of  ± 0.23  x 10“5.  All  the  error  was  assumed  to  be  in  the  determination 
of  apparent  molecular  weight.  This  is  equivalent  to  a molecular  weight  of 
1x2,700  all  seven  points  are  included  in  the  calculation,  the  result 

is  57’000 


b.  The  chief  disadvantage  in  the  attempt  to  obtain  the 
molecular  weights  of  polymers  in  the  range  of  preparation  JRF-195-Q-2  is  demon- 
strated by  the  deviating  run  at  O.C671  g ml“l  concentration,  Because  the  inter- 
cept is  small,  the  effect  of  a random  error  on  the  final  molecular  weight  value 
is  largej  accordingly,  it  is  necessary  to  make  a large  number  of  runs,  in  order 
to  ensure  that  random  deviations  will  not  result  in  a gross  error  in  the  final 
value.  By  making  a sufficiently  large  number  of  runs,  it  is  possible  to  obtain 
reliable  results  in  the  molecular  weight  range  up  to  40,000,  but.  the  determina- 
tion becomes  laborious. 


Page  42 


04/m 


IV  Technical  Progress:  Physical  Studies,  C (cont. ) 


Report  No*  807 


ISOI’ESTIC  MOLTCU.AR  WEIGHT,  POL' YURT THrtNt  1 -J.  JRF  \=S  Q ?. 


Figure  7 
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Figure  8 
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c.  The  main  significance  in  determinations  of  the  molecular 
weight  of  fraction  JRF-195-Q-2  is  the  fact  that  for  the  first  time  a polymer 
has  been  run  successfully  by  two  methods  — the  isopiestic  method,  which  is  best 
suited  for  low-molecular-weight  compounds,  and  the  osmometric  method,  which  is 
best  suited  for  high-molecular-weight  compounds.  The  values  are  in  good  agree- 
ment, so  that  proved  methods  are  now  available  in  this  laboratory  for  dete mining 
polymers  of  all  molecular-weight  ranges  up  to  100,000,  if  the  polymers  are  stable 
and  soluble  in  applicable  solvents. 

U.  Polyurethane  I-AN 

a.  Because  the  preparation  of  I-AN,  JRF-2i|0-D,  showed  ex- 
cessive leakage  by  diffusion  through  the  osmotic  membrane,  an  attempt  was  made 
to  determine  the  molecular  weight  by  the  isopiestic  method.  A previous  attempt 
to  measure  this  polymer  by  the  isopiestic  method  was  unsuccessful,  because  the 
postnitrated  preparation  forms  a gel  in  acetone  solution.*  An  investigation 
of  other  possible  solvents  for  the  isopiestic  method  showed  that  methyl  ethyl 
ketone  did  not  form  a gel  with  I-AN,  that  it  woulo  dissolve  the  polymer  to  a 
high  concentration,  and  that  its  vapor  pressure  at  U6°C  was  higher  than  that 
of  acetone  at  25°C.  The  attempt  to  obtain  the  molecular  weight  of  preparation 
JRF-2U0-D  was  unsuccessful,  however,  because  the  polymer  proved  to  be  unstable 
in  solution.  The  results  of  the  attempt  are  shown  in  Figure  8,  in  which  the 
points  represent  the  concentrations  at  which  the  isopiestic  tubes  were  initially 
set  up,  and  the  vectors  drawn  from  the  points  indicate  the  approximate  direction 
and  relative  speed  of  solvent  transfer,  expressed  in  terms  of  apparent  molecular 
weight.  In  this  series  of  runs,  the  initial  concentrations  were  set  up  so  that 
the  solvent  transfer  in  the  approach  to  isopiestic  equilibrium  was  from  reference 
solution  to  polymer  solution,  which  is  the  same  direction  of  transfer  which  would 
result  from  decomposition  of  the  polymer.  Under  this  circumstance  it  was  not 
possible  to  distinguish  the  transfer  due  to  decomposition  from  the  transfer  due 
to  normal  approach  to  isopiestic  equilibrium,  so  that  there  is  no  choice  between 
observations  1 and  2 in  Figure  8.  Both  observations  gave  a satisfactory  linear 
plot.  (The  points  have  been  omitted  from  the  curves  in  Figure  8 for  the  sake 
of  clarity. ) Decomposition  was  not  clearly  indicated  until  observation  3,  at 
which  time  the  decomposition  had  progressed  far  enough  (at  different  rates  for 
the  respective  points,  depending  partially  on  the  concentration)  that  a non- 
linear plot  was  obtained. 
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b.  A better  demonstration  of  the  decomposition  v/as  obtained 
on  the  second  series  of  runs  on  preparation  JRF-2U0-D,  shown  in  Figure  9,  In 
this  series  the  initial  concentrations,  indicated  by  the  points  in  Figure  9, 
were  set  up  so  that  the  solvent  transfer  was  from  polymer  solution  to  reference 
solution  in  the  approach  to  isopiestic  equilibrium.  (An  exception  is  the  run 
at  0,0321  g mi"-*-?  the  transfer  in  this  run  was  from  reference  solution  to  poly- 
mer solution,  and  the  rate  was  too  slow  to  indicate  by  a vector  in  Figure  9.) 

As  the  solutions  approached  equilibrium,  the  effect  of  decomposition  became 
predominant,  so  that  at  1-2/3  days  a reversal  of  solvent  transfer  took  place, 
the  solvent  transferring  in  all  cases  from  reference  solution  to  polymer  solu- 
tion, in  the  reverse  direction  of  the  vectors  in  Figure  9.  The  best  straight 
line  through  the  points  at  the  occurrence  of  the  reversal  is  shown  in  the  figure, 
giving  a molecular- weight  value  of  about  13,000,  The  only  conclusion  that  can 
be  drawn  is  that  the  molecular  weight  of  JRF-2U0-D  before  decomposition  in  solu- 
tion is  greater  than  13,000;  how  much  greater  can  not  be  determined, 

D,  RELATIVE-VISCOSITY  STABILITY  TOST  FOR  POLYMERS 


1,  It  is  presnmed  that  the  decomposition  in  solution  also  ac- 
counts for  the  difficulties  encountered  in  attempting  to  measure  the  molecular 
weight  of  JRF-2UO-D  in  acetone  solution  by  the  osmometric  method,  described 
in  Section  IV  8 of  this  report.  More  than  30 % by  weight  of  the  polymer  dif- 
fused through  the  membrane.  It  is  believed  that  the  bulk  of  this  diffusible 
material  consists  of  low-molecular-weight  fragments  resulting  from  the  de- 
composition. A further  investigation  of  the  decomposition  was  conducted  by 
storing  a 1%  acetone  solution  at  2$°C  for  two  weeks,  making  relative-viscosity 
measurements  periodically.  The  results  are  shown  in  Table  XIII,  Two  solu- 
tions were  set  up,  one  containing  dry  acetone  normally  used  in  relative-vis- 
cosity measurements,  the  other  containing  acetone  to  which  0.2^  water  was 
added,  in  order  to  determine  whether  water  condensed  from  the  atmosphere  in 
the  osmometers  accelerates  the  decomposition.  The  data  in  Table  XIII  indicate 
no  appreciable  difference  between  the  wet  and  dry  acetone  solutions.  It  is 
also  apparent  that  the  decomposition  in  solution  is  rapid,  and  that  molecular- 
weight  values  obtained  at  ury  given  time  mil  not  have  much  significance. 


TABLE  XIII 


r;  nrri-nrm  jr  m/inn  ' * TT.  IF  jin  i , T'T  <»  , - -Tm,  ! T?  >jr-r, 

ivi:  viJOUOiU  t J.— AiJj  Ofll’  — ^UO -JL>,  Xri  Als&iUi&j  c?  U 


Time,  days 

Zero 

1 

2 

7 

15 


Wet  Acetone 

1.38 

1.32 

1.30 

1.21 

1.16 


Dry  Acetone 

1.38 

1,33 

1.30 

1.23 

1.18 
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2.  The  batch  of  preparation  JRF-2liO-D  was  subjected  to  a fraction- 
al precipitation,  as  described  in  Section  II,  in  an  effort  to  determine  whether 
the  high-  or  low-molecular-weight  fractions  were  most  subject  to  decomposition. 
Preliminary  tests  by  the  isopiestic  method  have  been  made  on  the  two  lower- 
mole  cula:>-weight  fractions  of  the  three  fractions  obtained.  Both  fractions 
have  proved  to  be  unstable  in  solution,  because  they  have  aemonsix-ated  the 
solvent-transfer  reversal  described  in  Figure  9»  A relative-viscosity  sta- 
bility test  on  the  highest-molecular-weight  fraction  is  in  progress, 

V,  TECHNICAL  PROGRESS:  RHEOLOGICAL  STUDIES  (CONTRACT  MPas  $3-6l8-c ) 

A.  INTRODUCTION 

1,  The  objectives  of  the  mechanical-properties  program  have 
been  to  determine  the  bulk  properties  of  experimental  nitropolymers  and  to 
characterize  them  by  parameters  which  will  aid  in  selecting  suitable  materi- 
als for  use  in  formulating  and  fabricating  rocket  propellants.  The  bulk 
properties  of  a polymer  arise  from  the  structure  of  the  polymer  chain  and 
the  forces  between  polymer  chains, 

2,  The  bulk  structure  of  the  polymer  is  a function  of  the 
chemical  composition  of  the  monomer,  the  symmetiy  of  the  polymer,  the  number 
and  nature  of  the  side  groups  along  the  chain,  and  the  distribution  of  the 
lengths  of  the  polymer  chains.  This  basic  structure  determines  whether  the 
polymer  chains  can  be  arranged  in  a crystalline  array  or  can  only  assume  the 
random  orientation  characteristic  of  an  amorphous  material.  The  X-ray  dif- 
fraction photograph  and  the  softening  point  of  the  material  are  aids  in 
classifying  nitropolymers  as  amorphous,  moderately  crystalline,  or  extremely 
crystalline.  Whether  or  not  a nitropolymer  exhibits  crystallinity  depends 
not  only  on  the  basic  structure  but  also  on  the  thermomechanical  history  of 
the  material. 


3.  Three  techniques  appear  to  be  useful  for  examining  the  nature 
and  magnitude  of  the  inter-chain  forces  and  thereby  characterizing  the  nitro- 
polyners  with  respect  to  suitability  for  propellant  fabrication  and  formulation, 
Lleasurement  of  thermal  expansivity  has  been  used  to  define  a second-order  or 
"glass"  transition  temperature  below  which  the  polymer  is  brittle.  The  cohesive- 
energy  density  of  a polymer  can  be  determined  from  measurements  of  the  amount  of 
swelling  of  the  polymer  by  a "peer"  solvent;  This  quantity  in  turn  can  serve 
as  a guide  in  the  choice  of  good  solvents  or  good  plasticizers  for  the  polymer 
and  can  be  useful  in  formulating  propellants  for  fabrication  by  a plastisol 
casting  process  or  by  an  extrusion  process.  Lastly,  measurement  of  the  relaxa- 
tion of  stress  as  a function  of  time  and  temperature  is  used  to  determine  a 
graphical  equation  of  state  (master  curve)  which  associates  a value  of  Young's 
modulus  with  a given  temperature  and  given  rate  of  strain.  This  master  curve, 
which  is  a plot  of  the  logarithm  of  the  modulus  vs  the  logarithm  of  reduced 
time,  gives  a concise  summary  of  many  mechanical  properties,  e„g.,  those  in- 
volved in  temperature -eye ling  and  embrittlement  at  low  temperatures. 
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U,  Investigations  during  the  currert  report  period  have  been 
concerned  with  the  measurement  and  interpretation  of  stress-relaxation  and 
flexure  measurements  on  various  nitropolymers  as  well  as  on  a representative 
polycrystalline  plasticized  propellant,  N— 1*  double  base. 


B.  STRESS-RELAXATION  STUDIES 

1,  Investigation  of  N-U  Double-Base  Propellant 

a,  A plasticized  nitrocellulose-base  propellant  was  se- 
lected for  study  in  order  to  characterize  the  behavior  of  a plasticized,  linear, 
polycrystalline  material.  Previously  linear  amorphous  nitropolymers  had  been 
studied  and  compared  with  a typical  amorphous  plastic,  polymethyl  methacrylate. 
However,  poly  crystalline  nitropolymers  such  as  XII-A  have  not  yet  been  compared 
with  well  known  polycrystalline  polymers.  Since  N-U  is  a propellant  of  estab- 
lished manufacturability,  it  provides  a convenient  reference  point  with  which 
to  compare  other  propellants.  It  is  also  Interesting  to  compare  N-U  with  poly- 


methyl  methacrylate  in  order  to  see  how  this  propellant  differs 
base  material  - the  linear  amorphous  polymer. 

from  a ‘typical 

b.  The  material  studied  was  supplied  by  the  Naval  Ordnance 

Test  Station  and  has  the  following  composition: 

Material  Designation:  N-U  Double  Baso 

Lot  Number  53 

Equilibrium  Moisture  0,2% 

Composition  (wt  £): 

Nitrocellulose  (12, 6%  N) 

51.0 

Nitroglycerin 

3U.3 

Difihhvl  uht’nalate 

‘ W A 

10.6 

2-Nit  rodiphe  ny  lamine 

2.0 

Lead  stearate 

o,5 

Carbon  black 

0.1 

Potassium  sulfate 

* SPIA  Propellant  Powder  Manual,  SPIA/1i2,  Unit  No,  260. 
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c.  Strands  6 in.  long,  0,5  in.  wide,  and  0.1  in.  thick 
were  prepared  by  compression  molding  the  extruded  material.  An  investigation 
of  the  relaxation  properties  of  the  material  was  carried  out  over  the  range  of 
temperature  from  -10  to  110°F.  At  each  temperature  the  strand  was  strained  l$f. 


d. 

_U , 


The  stress-relaxation  data  for  N-U  propellant  obtained 

lO  . OtroT»  fhfi 


J,*  ^ J 4 T?J 

.•moo  CUU  ouumitti  J^iOU  Xt  a a 


range  of  five  cycles  of  log  time  the  modulus  has  3 lowly  relaxed  from  a value  of 
3 x 10?  dynes  csT2  to  a value  of  3 x 10*  dyns3  cm" 2.  it  is  estimated  that  an- 
other four  cycles  of  log  time  are  needed  to  allow  for  relaxation  from  3 x 10*° 
dynes  c m“2.  There  is  no  indication  from  the  shape  of  the  incomplete  master  curve 
that  it  will  display  a region  of  rubbery  behavior  at  longer  times  or  higher 
temperature.  A rough  estimate  of  the  inflection  point  of  this  incomplete  master 
curve  places  it  at  0.7U  on  the  reduced  time  scale.  This  means  that  log  K “ 
0.7UU+log  . The  curve  in  Figure  11  which  shows  the  temperature  dependence 
of  the  shift  factors,  possesses  an  inflection  point  at  about  U5°F.  This  is 
defined  as  the  distinctive  temperature,  and  the  corresponding  distinctive  re- 
laxation time  is  approximately  3000  sec.  Thus  at  U5°F»  the  relaxation  times 
of  N-U  propellant  will  be  distributed  roughly  from  0.3  sec  to  3 x 10*  sec  on 
the  absolute  time  scale. 


e.  Since  it  is  known  that  nitrocellulose  in  double-base 
propellants  is  poly c rys t alline , it  is  interesting  to  compare  the  above  results 
with  those  obtained  on  the  poly  crystalline  Nitropolymer  XII-A,  for  which 
equals  3200  sec.*  This  coincidence  suggests  that  the  nitroglycerin  in  the 
double-base  propellant  does  not  act  like  a true  plasticizer,  or  alternatively 
that  unplasticized  nitrocellulose  has  a % very  much  higher  than  3200  sec. 
Evidence  to  show  that  plasticizers  lower  the  value  of  Kg,  in  nitropolymers  for 
example,  will  be  presented  in  a later  section.  It  is  also  of  interest  that 
the  activation  energy  for  viscous  flow  calculated  from  the  slope  of  the  dashed 
line  in  Figure  11  is  very  high,  67  kcal.  Again  this  compares  favorably  with 
the  value  of  70  kcal  estimated  from  the  data  for  Nitropolymer  XII-A.* 

f.  In  order  to  indicate  the  significance  of  the  master 
curve  for  N-U  propellant,  the  master  curve  for  polymethyl  methacrylate  is  also 
presented  in  Figure  10.  The  Young’s  modulus  for  this  material,  undergoes  a 
rapid  transition  from  the  glassy  modulus  of  3 x 10^0  dynes  cm”2  to  the  rubbery 
modulus  of  2.7  x 10?  dynes  car 2 within  the  range  of  four  cycles  of  log  reduced 
time.  The  distinctive  relaxation  '5,ia8  ^or  this  material  has  been  found  to  be 
2 min  at  a distinctive  temperature  of  233°F.**  Thus  the  complete  spectrum  of 
relaxation  times  of  N-U  propellant  (measured  by  ti«s  spread  of  the  dispersion 
region  between  the  glassy  and  rubbery  moduli)  comprises  roughly  twice  as  raary 
cycles  of  log  time  as  the  spectrum  of  polymethyl  methacrylate.  This  means  that, 
at  the  distinctive  temperature,  N-U  has  a higher  mean  relaxation  time  but  a 
much  broader  dispersion  of  relaxation  times  than  polymethyl  methacrylate.  Thus, 
while  the  latter  substance  will  shatter  like  a glass  when  subjected  to  a high 


* Aerojet  Report  No.  7U0,  p.  U6« 

. 

ON*  Technical  Report  RLl-u.  "Viscoelastic  Properties  of  Polymethyl  Methacry- 
late," J.  McLoughlin  and  A.  V.  Tobolsky,  April  1952. 
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Figure  10 


TEMPERATURE  DEPENDENCE  OF  THE  SHIFT  FACTORS 
FOR  N-  4 DOUBLE-  BASE  PROPELLANT 


, °R  " 1 

Figure  11 
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rate  of  stress  at  a temperature  not  far  below  its  distinctive  temperature,  N-U, 
on  the  other  hand,  will  dissipate  the  stress  very  slowly  under  the  same  con- 
ditions, Another  way  of  phrasing  this  comparison  is  in  terms  of  the  dependency 
of  the  so  called  brittle  temperature  on  rates  of  loading.  In  polymethyl  meth- 
acrylate there  is  very  little  dependence;  in  N-U,  it  should  be  possible  to 
3hift  the  brittle  temperature  by  as  much  as  U0°F  (this  is  the  temperature  range 
in  Figure  10  which  corresponds  to  a change  cf  modulus  from  10^  to  10°  - the 
leathery  region)  by  varying  the  time  scale  of  the  method  used  to  determine  it, 

2,  Study  of  Plasticized,  Crosslinked  Nitropolymer  XIII-A 

a.  The  results  of  a study  of  the  relaxation  behavior  of 
a typical  crosslinked  and  plasticized  nitropolymer  are  summarized  by  the  por- 
tion of  the  master  curve  depicted  in  Figure  12,  The  polymer  chosen,  XIII-A, 

a polyurethane  of  2, 2-dinit ro-1, 3-propanediol  and  3-nit raza-1, 5-pentane  diiso- 
cyanate, contains  10%  of  a branching  agent,  nitroisobutylglycerol,  and  h0%  of 
a plasticizer,  dioxan.  Over  the  range  of  five  cycles  of  log  reduced  time,  the 
modulus  declines  from  a value  of  3 x 10Q  dynes  cm“2  to  roughly  6 x 10°  dynes 
cm“2<  Uncertainty  in  the  experimental  technique  (discussed  in  Section  C)  pre- 
cludes attaching  any  significance  to  the  data  falling  below  this  value.  It  is 
estimated  that  10  to  12  cycles  of  log  time  would  be  necessary  to  allow  for  com- 
plete relaxation  from  the  glassy  modulus.  Thus,  as  in  the  case  of  N-U  double- 
base propellant,  the  relaxation  spectrum  of  a plasticized,  crosslinked  nitro- 
polymer is  extremely  broad.  This,  in  itself,  is  a desirable  property  in  a pro- 
pellant, as  it  enables  the  propellant  to  -withstand  a wide  frequency  of  stress 
loadings  and  also  means  that  embrittlement  is  gradual. 

b.  A rough  estimate  of  the  inflection  point  of  a cross- 
linked  material  places  it  midway  between  the  log  of  the  glassy  modulus  x 
lvP-0  dynes  cm~2 ) and  the  log  of  the  rubbery  modulus  0(l.ti  x 10°  dynes  cm-*1, 
see  Section  C),  This  midpoint  of  2 x 10^  dynes  cm”^  occurs  at  log  t/A.  equal 
to  -1,85,  Therefore  log  K = log  /c*,l,85.  Further  reference  to  Figure  13, 
which  shows  the  temperature  dependence  of  the  shift  factors,  does  not  permit 
an  estimate  of  the  distinctive  temperature,  the  data  being  insufficient. 
However,  experience  in  handling  the  polymer  permits  estimation  of  the  dis- 
tinctive temperature  as  approximately  U0°F.  From  Figure  13  then,  log 

* O.U,  log  = -1.U5,  and  the  distinctive  relaxation  time  equals  0,03  sec 
at  U0°F.  Most  linear,  amorphous  polymers  are  characterized  by  a equal 
to  2 min.  One  of  the  advantages  of  a crosslinked  plasticized  nitropolymer 
is  now  clear.  Above  its  relatively  low  transition  temperature,  it  will  sus- 
tain rates  of  loading  as  high  as  30  cps.  It  is  expected  that  a further  study 
of  plasticizer  types  as  well  as  controlled  addition  of  the  branching  agent 
will  lead  to  a material  able  to  sustain  rates  of  loading  as  high  as  several 
kilocycles. 
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Figure  12 

TEMPERATURE  DEPENDENCE  OP  THE  SHIFT  FACTORS 
OF  2DI  A-I0X-40D 
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Figure  13 
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C.  MODULI MET RY 


1.  One  of  the  limitations  of  the  stress  relaxometer  is  that  the 
measured  load  at  any  time  is  proportional  to  the  difference  between  two  rela- 
tively large  numbers.  As  time  increases  the  difference  becomes  smaller  and 
the  percentage  error  increases,  in  order  to  aid  in  determining  the  long-time 
or  rubbeiy  modulus  of  crosslinked  materials,  a modulimeter  manufactured  by 
the  American  Instrument  Company  is  being  used.  This  piece  of  equipment  con- 
sists of  two  fixed  knife  edges,  upon  which  a beam  sample  is  rested,  and  one 
movable  knife  edge  by  means  of  which  a fixed  load  is  applied  to  the  sample. 

The  motion  of  the  movable  knife  edge  is  transmitted  to  a dial  gage  which 
gives  the  deflection  of  the  beam  in  thousandths  of  an  inch.  In  the  following 
paragraphs  are  discussed  the  method  of  calculating  modulus  from  these  measure- 
ments and  the  results  of  applying  the  instrument  to  the  study  of  various 
plasticized  and  crosslinked  preparations  of  Nitropolymer  XIII-A. 

2.  Under  the  assumption  that  the  entire  transverse  section  of 
the  beam,  at  any  point  along  the  beam,  i-emains  plane  and  normal  to  the  longi- 
tudinal fibers  of  the  beam  after  bending,  it  is  readily  shown  that 


El 

z 


(1) 


where 


E is  the  Young's  modulus  of  the  material 

z is  the  axis  of  intersection  of  the  neutral  surface  and 

any  transverse  section;  the  neutral  surface  is  that  surface 
above  which  the  fibers  undergo  compression,  below'  which  they 
undergo  tension 

I7  is  the  moment  of  inertia  of  the  transverse  section  with  respect 
to  the  z axis 


x is  the  distance  from  the  transverse  section  to  one  of  the  fixed 
ends  of  the  beam 


y is  the  deflection  of  the  beam  at  point  x,  and  M is  tire  bending 
moment  at  point  x 


If  the  load  W be  applied  at  the  middle  of  the  span  the  maximum  deflection  at 
the  middle  is  given  by: 


7 


m 


(2) 


where  is  the  span  of  the  beam,  for  a beam  of  rectangular  cross-section,  it 
can  be  shown  that 


\ = bd3/!2 


(3) 
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where  b is  the  width  and  d the  depth.  For  a beam  of  circular  cross-section, 

I - nd^/6U  (U) 

Zr 

where  d is  the  diameter.  The  final  explicit  formulae  for  calculating  Young's 
modulus  from  the  deflection  of  the  beam  are  given  by: 


E (rect. 


and 

E (circ. 


3*  Formulae  (5)  and  (6)  were  used  to  calculate  the  rubbery 
moduli  of  a number  of  nitropolymers  from  data  obtained  on  the  modulimeter 
at  75°F,  Since  all  the  materials  have  transition  temperatures  below  room 
temperature,  the  instantaneous  modulus  declines  to  the  value  of  the  rubbery 
modulus  within  a few  seconds  at  ?5°F; 

The  results  are  as  follows: 


wl3 

Ubd3y 


Uw/3 

3nd*V 


(5) 


(6) 


Nitropolymer 

w 

f 

CO 

a, 

ro 

a) 

XIII  A-1QX-U0D 

9.2  x 106 

b) 

XIII  A-2X-U0D 

8.3  x 106 

c) 

XIII  A-10X-30D 

1.5  x 107 

d) 

XIII  A-J|X-25D 

1.5  x 107 

Inasmuch  as  X refers  to  the  branching  agent,  nitroisobutylglycerol,  and  D 
to  the  plasticizer,  dioxan,  it  is  significant  that  a fivefold  change  in  the 
amount  of  branching  agent  (a-b)  does  not  effect  a significant  change  in  the 
modulus.  This  indicates  that  two  percent  of  nitroisobutylglycerol  is  al- 
ready sufficient  to  convert  the  linear  polymer  to  a crossltnkad  structure, 
in  agreement  with  the  results  of  viscosity  measurements,*  It  is  also  sig= 
nif leant  that  a concentration  of  dioxan  plasticizer  in  excess  of  30  wt  % 
serves  to  lower  the  value  of  the  modulus  from  that  of  a true  rubber  toward 
that  of  a jellylike  material. 


•ft* 
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U.  In  view  of  the  fact  that  the  plasticized  crosslinked  nitro- 
polymers  became  available  only  recently,  swelling  measurements  were  postponed 
until  the  results  and  interpretations  of  stress-relaxation  data  could  be  com- 
pleted. 


D.  POST-YIELD  PROPERTIES  OF  LINEAR  NITROPOLYMERS 

1,  A prerequisite  for  the  design  of  propellant  grains  from  nitrc= 
polymers  is  a knowledge  of  the  post-yield  and  ultimate  properties  of  these  ma- 
terials. As  a start  in  this  direction,  a number  of  samples  of  the  linear, 
amorphous  Nitropolymer  I-J(mol  wt  200,000)  were  sent  to  the  Thickol  Division 
of  Redstone  Arsenal  for  testing  on  the  I natron  machine.  Samples  were  strained 
at  rates  ranging  from  C.01  min“l  to  10  min“I»  Within  this  range,  no  pronounced 
dependence  upon  strain  rate  is  shown  by  any  of  the  results  in  Table  XIV.  The 
values  cited  are  average  values  and  are  compared  with  equivalent  values  for  ex- 
truded N-U  and  cast  AN-525  in  Table  XIV  , 

TABLE  XIV 

POST-YIELD  PROPERTIES  IN  TENSION  OF  VARIOUS  PROPELLANTS  AT  75°F 


Property 

I-J-195 

axtr.  N— U 

AN-525 

-2 

Young's  Modulus,  dynes  cm 

2.U  x 1010 

6 x 108 

5 X 109 

Ultimate  Strain,  % 

9 

18 

1 

Maximum  Stress,  psi 

9000 

500 

5oo 

Work  to  Rupture /Unit  Vol.,  in. -lb /in. ^ 

700 

60 

2li0 

2.  The  most  significant  results  that  stem  from  the  comparison 
of  Table  XIV  are  the  relatively  high  ultimate  strain  and  extremely  high  maxi- 
mum stress  values  of  the  linear  Nitropolymer  I-J.  In  general,  nitropolymsrs 
can  be  classified  as  extremely  "tough"  materials,  as  the  value  of  700  in.-lb/in. 
for  work  to  rupture  indicates.  It  is  planned  to  extend  the  above  comparison 
to  include  measurements  on  the  newly  developed  crosslinked  nitropolyme rs . 

VI.  TECHNICAL  PROGRESS:  BALLISTIC  STUDIES  (CONTRACT  NOas  53-6l8-e) 

A.  INTRODUCTION 

The  objectives  of  the  ballistic  studies  have  been  to  determine  the 
burning  rates  and  pressure  exponents  (at  60°? ) of  experimental  nitropolymers 
and  of  mixtures  of  these  nitropolymers  with  substances  which  increase  their 
specific  impulses  and/or  burning  rates. 


Page  Sh 


Report  No.  807 


VI  Technical  Progress:  Ballistic  Studies,  (cent.) 


B.  BALLISTIC  PROPERTIES 

1.  Burning  rate  vs  pressure  data  were  determined  for  a post- 
nitrated linear  Nitropolymer  XII-AN,  for  several  crosslinked  nitropolyraers, 
and  for  mixtures  of  the  crosslinked  nitropolymer  with  ammonium  nitrate  and 
Bent one  18  and  ammonium  dichromate  with  and  without  lead  dioxide.  The  re- 
sults are  shown  in  Figures  li*,  1 5,  and  16,  Although  the  data  presented  in 
Figure  li;  scatter  markedly  about  a "mean"  line,  it  is  remarkable  that  the 
burning  rates  for  both  XII-AN  and  IA-1.5X  (1.5X  signifies  1.5$  nib  glycerol) 
over  the  range  of  pressure  from  1*00  to  1800  psia  exceed  0.5  in,  sec--.  In 
an  attempt  to  reduce  this  marked  general  scatter  in  the  values  obtained  for 
the  burning  rates  of  nit ropolymers.  other  techniques  of  restricting  will  be 
tried.  The  burning  rates  of  crosslinked  I-A  and  XIII-A  at  1000  psia  are  ap- 
proximately 0.12  in.  sec“^,  according  to  Figure  15.  Figure  16  presents  a 
study  of  the  effect  of  lead  dioxide  on  the  pressure  exponent  of  the  burning 
rate  of  a 50/50  mixture  of  ammonium  nitrate  and  IA-2X  catalyzed  by  three 
parts  Bentone  18  and  one  part  ammonium  dichromate.  It  has  been  previously 
reported*  that  the  burning  rate  of  a 50/50  mixture  of  Nitropolymer  I-A  and 
ammonium  nitrate  is  0,1k  in,  sec-l  at  1000  psia  and  the  pressure  exponent  is 
0,73.  The  inorganic  substances,  Bentone  18  and  ammonium  dichromat^  were 
added  in  order  to  accelerate  the  rate,  and  lead  dioxide  was  added  to  decrease 
the  slope.  The  marked  scatter  of  the  points  precludes  the  oossibility  of  a 
significant  comparison. 


* Aerojet  Report  No.  712  (10  July  1?53),  p.  38. 
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VI I.  TECHNICAL  PROGRESS:  ORGANIC  SYNTHESIS  (Contract  rJ7onr-U62) 


A.  INTRODUCTION 

The  synthesis  of  nitromonomers  is  fundamental  to  the  development 
of  nitropolymers.  Various  structures  such  as  gem  dinitro  compounds , compounds 
containing  the  trinit romethyl  group,  and  the  nitramines  have  been  found  to  be 
suitable  structures  for  the  preparation  of  the  monomers  for  polymer  formation. 
This  report  deals  with  the  preparation  of  new  nitramino  diisocyanates  and 
their  respective  intermediates,  as  well  as  nitramino  diols. 

B.  NITRO  ALCOHOLS 

1.  Preparation  of  3-Nitraza-l, 5-pentane diol 
a.  Discussion 

(1)  The  synthesis  of  3-nit raza-l,5-pentanediol  was 
described  previously,*  Only  the  crude  material  had  been  obtained  at  that 
time  by  the  hydrolysis  of  3-nit raza-l,5-pentanediol  dinitrate  and  by  the  oxi- 
dation of  3-aza-3-nitroso-l,5-pentanediol.  This  diol,  a law-melting  solid, 
was  characterized  by  preparing  crystalline  derivatives.  However,  before  the 
material  could  be  used  for  polymerization  some  investigations  had  to  be  made 
of  various  methods  for  isolating  pure  material  suitable  for  use  in  polymeri- 
zation studies. 

(2)  An  aqueous  solution  of  the  diol,  as  obtained 
from  the  hydrolysis  of  the  nitrate  ester  followed  by  neutralization  with 
alkali,  was  slightly  yellow,  and  this  color  could  not  be  removed  by  treat- 
ment with  charcoal.  Neutralization  of  the  nitric  acid,  formed  during  the 
hydrolysis,  by  passage  over  an  anion-exchange  resin  (Amberlite  IR-liB),  like- 
wise gave  a yellow  solution.  The  crude  alcohol  was  isolated  by  continuous 
extraction  of  the  water  solution  with  ether,  followed  by  evaporation  of  the 
ether.  This  yellow  product,  melting  at  about  10°C,  could  be  distilled  in  a 
macro  bulb  tube  at  3n  and  an  air-bath  temperature  of  150  to  160°C.  This 
purified  material  was  colorless,  mp  23  to  2U°C,  but  this  boiling  point  is 
perhaps  too  high  for  safe  distillation  on  a large  scale.  Low-temperature 
crystallization  has  not  yielded  the  diol  with  a melting  point  or  lack  of 
color  comparable  to  that  of  the  distilled  material. 

(3)  The  two  methods  used  here  for  the  preparation 
of  the  3-nitraza-X,5-Dentanediol  are  in  some  ways  not  suitable  for  use  on  a 
large  scale.  The  dinitrate  (DINA)  is  a high  explosive  and  hence  is  an  un- 
desirable intermediate.  The  oxidation  procedure  requires  the  use  of  tri- 
fluoroacetic  acid,  an  expensive  reagent,  “or a work  will  be  done  on  the 
preparation  of  this  desirable  compound. 

2.  Preparation  of  U-Nitraza-1,2  pentanediol 
a.  Discussion 

(1)  The  previously  unreported  h-nitraza-l,2-pentane- 
diol  has  been  prepared  by  the  hydrogen  peroxide-trifluoroacetic  acid  oxidation 
of  the  corresponding  nitroso  compound,  also  a new  componnH.  Both  the  nitroso 
and  nitro  amines  were  obtained  as  und is tillable  oils  and  were  identified  and 
characterized  by  their  solid  dibenzoates.  The  synthesis  is  illustrated  by  the 
oquatlOu  bej.ow: 
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(2)  Several  procedures  have  been  investigated  for 
preparing  a 1,3-dioxolane  of  the  diol,  since  such  a derivative  should  offer 
a convenient  path  for  purification  by  distillation  or  crystallization  of  the 
derivative  followed  by  hydrolysis  back  to  the  diol. 


CH „-CHCH  0N-CH 
l^l  2I 
OH  OH  NO 


Jta 


CH  „-CH— CH  -N-CH-, 
I 2 I 2!  3 

0 0 
\ / 
c 

/ \ 

R'1  R" 


All  attempts  to  condense  the  glycol  with  acetone  (R,t=R"“CH3)  were  unsuccess- 
ful. Treatment  of  an  acetone  solution  of  the  diol  with  anhydrous  copper  sul- 
fate and  a catalytic  amount  of  boron  trifluoride  etherate  at  room  temperature 
yielded  only  the  water-soluble  diol,  identified  by  its  dibenzoate.  The  use 
of  excess  boron  trifluoride  etherate  for  5 min  apparently  caused  decomposition 
of  the  nitramino  diol.  since  the  only  isolable  products  were  about  4 per  cent 
of  the  starting  material  and  a few  drops  of  a water-insoluble,  but  acid-soluble 
oil,  bp  80°C/3h.  This  oil  may  have  been  the  desired  isopropylidene  compound, 
but  there  was  not  enough  isolated  for  further  investigation.  A l.C-hr  treat- 
ment with  boron  trifluoride  etherate  yielded  no  water-insoluble  or  distillable 
product. 


(3)  The  prepaxation  of  a benzaldebyde  derivative 
(R'^C^Hj,  RH,*H)  was  likewise  unsuccessful.  From  a dioxan  solution  of  the  diol 
and  benzaldebyde  with  anhydrous  copper  sulfate  and  a catalytic  amount  of  boron 
trifluoride  etherate,  or  an  excess  of  the  boron  complex,  only  benzaldehyde 
could  be  identified  (50  and  25%  respectively),  isolated  as  its  bisulfite  addi- 
tion compound.  Refluxing  a mixture  of  diol,  benzaldehyde,  and  p-toluenesul- 
fonic  acid  in  benzene  gave  7Q%  of  the  expected  amount  of  water  by  azeotropic 
distillation.  However,  59%  of  the  benzaldehyde  and  10  to  20%  of  the  diol  were 
recovered  from  the  reaction  mixture.  It  would  seem  that  under  acidic  conditions 
either  the  nitramino  diol  eliminates  water  or  the  desired  dioxolane  is  not  stable. 

(U)  In  view  of  the  results  outlined  above,  no  further 
attempts  will  be  made  to  obtain  the  dioxolane  under  acid  catalysis.  The  easy 
formation  of  Ix-ni traza-1, 2-pentanediol  dibenzoate  with  benzoyl  chloride  and 
aqueous  sodium  hydroxide  indicates  that  perhaps  the  purification  can  cs  sc comp" 
lished  by  preparation  of  distillable  or  easily  hydrolyzable  esters.  Work  will 
be  conducted  in  this  direction. 
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b.  Experimental 

(1 ) 8-Nitroso-8-aza-l, 2-pentanediol 

A solution  of  6-9  g (0-1  mole)  of  sodium  nitrite 
in  20  ml  of  water  was  added  over  a 15  min  period  to  a mixture  of  10.5  g (0.1 
mole)  of  8-aza-l, 2-pentanediol,  8.5  ml  (0.1  mole)  of  cone.  HC1,  and  10  ml  of 
water.  After  0.5  hr  of  stirring  at  room  temperature  the  water  was  removed 
in  vacuo , and  the  product  was  separated  from  the  inorganic  salts  by  Trashing 
with  absolute  ethanol.  Removal  of  the  alcohol  left  12.6  g ( 9h% ) of  a red  oil 
(n£5  1.8856).  The  dibenzoate  of  this  oil  was  prepared  by  the  Schotten-Baumanr. 
procedure  and  melted  at  72.5  to  ?3-5°C  after  recrystallization  from  ethanol, 
chloroform,  and  three  times  from  methanol. 

Anal.  Calc 'd  for  Cl8Hl8N2Cy  %C,  63.15]  #H,  5.30;  JBN,  8.19 

Found:  #C,  63.33]  #K,  5.0?:  #N,  8.18 

(2)  8-Nit  raza-1 , 2-pentanediol 

To  a mixture  of  16.5  g (0.88  mole)  of  90#  hydrogen 
peroxide  and  100  ml  of  trifluoroacetic  acid  was  added  dropwise  53.5  g (0.8  mole) 
of  8-nitroso-8-aza-l, 2-pentanediol  with  stirring  and  cooling  to  maintain  the 
temperature  below  80°C.  After  the  1 hr  required  for  the  addition  and  2 more 
hours  of  stirring  at  30°C,  another  6 g of  peroxide  was  added,  and  the  mixture 
was  allowed  to  stand  at  room  temperature  for  two  days.  Dilution  with  300  ml 
of  ice  water  followed  by  extraction  with  100  ml  of  methylene  chloride  in  four 
portions  and  evaporation  of  the  extracts  then  yielded  6.2  g (8.5#)  of  a yellow 
oil,  1.8220,  probably  mostly  the  bis-trif luoroacetate . The  aqueous  portion 
of  the  reaction  mixture  was  neutralizecTwith  base,  and  the  water  was  removed 
in  vacuo.  The  residue  was  extracted  with  dioxan,  and  the  dioxan  was  removed 
by  extraction  with  hexane  and  evaporation  in  vacuo.  The  55.6  g (93#)  of  brown 
oily  residue,  nfp  1.8888,  yielded  a dibenzoate,  mp  105  to  105.5°C,  by  the 
Schctten-Baumann  procedure  which  was  identical  with  that  obtainable  from  the 
bis-trif luoroacetate , as  shown  by  the  fact  that  no  melting  point  depression 
occurred  when  the  two  were  mixed. 

Anal.  Calc  'd  for  C-^gN^:  %C,  60.33]  #K,  5.06]  #N,  7.82 
Found:  %C , 60.61;  #H,  5.03]  #N,  8.18 
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C.  NITRO  DICARBOXYLIC  ACIDS 


1. 


Preparation  of  3-Nitraza-l,6-hexanedioic  Acid 


An 


The  previous  quarterly  report  described  the  prepa- 
ration of  3-nitrasa-l, 6-hexanedicic  acid  (IV).*  An  alternative  method  has 
been  developed  for  the  preparation  of  the  intermediate  dimethyl  ester,  di- 
methyl 3-nitraza-l,6-hexanedioate  (III).  By  replacing  acrylonitrile  with 
methyl  acrylate  in  the  first  step  in  the  original  synthesis,  it  was  possi- 
ble to  eliminate  a subsequent  step,  the  conversion  of  methyl  3-aza-$-cyano- 
pentanoate  to  dimethyl  3-nitraza-l,6-hexanedioate.  Otherwise,  the  reactions 
involved  in  the  two  syntheses  are  parallel.  The  final  hydrolysis  is  identi- 
cal in  both  syntheses. 


CH2  = CHC02CH3  + ClH.NHgCHgCOgCHy 


IJaOH 


■)  CH302CCH2NHOT,CH2C0?CH3— > 
I 


HNO. 


CHjOgU*. 


2*22 


NO,  NO, 

i c I ^ 

CH  302CCH  2NCH 2CH  2C02CH3  — > H02CCH  2NCH  2CH  2C02H 


II 


III 


IV 


b.  Experimental 

(l)  Preparation  of  Dimethyl  3-Aza-l,6-hexanedioate 

A solution  of  82^6  g (2  moles)  9'1%  sodium  hy- 
droxide  in  2$0  ml  water  was  added  dropwise  with  vigorous  stirring  to  a mix- 
ture of  251  g (2  moles)  methyl  glycine  hydrochloride,  15>0  ml  water,  and  177 
ml  (2  moles)  methyl  acrylate  while  the  temperature  was  held  below  30°C.  The 
reaction  mixture  was  stirred  for  one  hour  at  30°  and  then  stored  at  room  tem- 
perature overnight.  The  mixture  was  extracted  three  times  using  a total  vol- 
ume of  650  ml  methylene  chloride 5 The  combined  extracts  were  washed  with 
saturated  sodium  chloride  solution,  dried,  and  stripped  of  solvent.  The  fluid 
residue  weighed  213.5  g,  corresponding  to  a 61%' yield  of  dimethyl  3-aza-l,6- 
hexanedioate. 
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(2)  Preparation  of  the  Nitric  Acid  Salt  of  Dimethyl 

3-Aza-l , 6-hexanedioate 


To  a well-stirred  solution  of  213.5  g (1.22  moles) 
dimethyl  3 -azfi-1 , 6-hexanedioate  in  900  ml  methanol  was  added  85  ml  (1.34  moles) 
70$  nitric  acid  in  a fine  stream  vdiile  the  temperature  was  maintained  below  20°C 
by  external  cooling.  The  product  was  appreciably  soluble  in  methanol,  necessi- 
tating the  chilling  of  the  mixture  to  -25°C  before  filtering.  The  salt  was 
washed  with  ether  and  dried.  The  crude  nitric  acid  salt  of  dimethyl  3-aza-l,6- 
hexanedioate  weighed  190  g,  corresponding  to  a 65. U$  yield.  A sample  of  the 
product  was  purified  for  analysis  by  recrystallization  once  from  methanol, 
twice  from  ethanol,  and  a fourth  time  from  methanol.  The  colorless  crystals 
melted  at  75  to  76°C. 


Anal.  Calc ' d for  C-^O^:  $C,  35.29;  $H,  5.92;  $N,  11.76;  $0CH3,  26.06 
Found:  $C,  35.36;  %H,  5.87;  $N,  .11.82;  $0CH3,  25.81 

(3)  Preparation  of  Dimethyl  3-Mitraza-l, 6-hexanedioate 

Successive  additions  of  0.6  ml  (0.0072  mole)  37$ 
hydrochloric  acid  and  1.6  ml  (0.038  mole)  anhydrous  nitric  acid  were  made  to 
33.6  ml  (0.356  mole)  acetic  anhydride  below  20°C.  The  nitric  acid  salt  of  di- 
methyl 3-aza-l, 6-hexanedioate  (U? . 6 g:  0.2  mole)  was  added  portionwise  to  the 
resulting  solution  while  the  temperature  was  held  at  20  to  25°C  by  intermittent 
use  of  a coding  bath.  Stirring  was  continued  for  2 hr  at  20  to  25°C.  The 
solution  was  chilled  to  0°C  and  diluted  with  80  ml  ice  water,  causing  the 
separation  of  the  oily  product.  The  mixture  was  extracted  twice  with  100  ml 
metliyiene  chloride,  and  the  extracts  were  washed  twice  with  dilute  sodium 
carbonate  solution  and  once  with  saturated  sodium  chloride  solution.  The 
methylene  chloride  solution  was  dried,  and  the  solvent  was  removed  by  dis- 
tillation in  vacuo.  The  residue  of  dimethyl  3-nit,raza-l,6-  hexanedioate 
weighed  3575  g,  corresponding  to  an  CO. 2$  yield. 

(ii)  Preparation  of  3-Nitraza-l,6-hexanedioic  Acid 

3-Nitraza-l,6-hexanedioic  acid  was  obtained  in 
11%  yield  by  the  hydrolysis  of  dimethyl  3-mtraza-l, 6-hexanedioate  using  con- 
centrated hydrochloric  acid,  following  the  method  described  in  the  previous 
report. 


Preparation  of  U,7,10-Trinitraza-i,13-tridscanedioic  Acid 


a.  Discussion 


(1)  Previous  preparations  of  U,7,10-trinitraza-l,13- 
tridecane  dinitrile,  an  intermediate  in  the  synthesis  of  !i,7,i0-trinitraza- 
1,13-tridecanedioic  acid,  have  been  described.*  However,  these  methods  were 
not  desirable  for  the  preparation  of  large  quantities  of  the  dinitrile,  because 
of  the  low  yields  involved  in  one  case  and  because  of  the  relative  unavaila- 
bility of  starting  materials  in  the  other  case.  Attempts  were  als-'  made  to 


* 
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oxidize  nitrosamines  to  nitramines,*  a method  which  would  prove  valuable  in 
this  particular  case,  as  b,7,10-trinitroso-4,7,10-triaza-l,13-tridecane  dini- 
trile is  readily  available.  Recent  work  by  the  Rohm  and  Haas  Co.  has  shewn 
that  trifluoroperacetic  acid  is  a general  reagent  for  the  oxidation  of  nitro- 
samines  to  nitramines.**  Consequently,  this  reagent  was  investigated  as  e 
means  of  oxidizing  b,7,I0-triniiroso-U,7,10-triaza-l,13-tridecane  dinitrile. 
The  oxidation  proceeded  smoothly,  yielding  the  colorless  b,7 , 10-trinit raza- 
1,13-tridecane  dinitrile.  Although  the  product  may  have  been  slightly  con- 
taminated, as  indicated  by  the  melting  point,  a sharply  melting  b,7,10-tri- 
nitraza-l,13-tridecanedioic  acid  was  obtained  on  hydrolysis. 

(2)  An  alternative  method  was  also  used  for  the 
preparation  of  U,7,10-trinitraza-l,13-tridecanedioic  acid.  The  synthesis 
is  shown  in  the  series  of  reactions  that  follow. 


2CH2=chco2ch3  + nh2ch2ch2nhch2ch2nh9 

i' 

nh(ch2ck2nhch2ch2co2ch3)2 
I 


3 H0N0 


NO 


NO 


N(CH2CH2NCH2CH2C02CH3)2 


II 


NO/) 

I <- 


NH(CK2CH2NHCH2CH2C02CH3)2 

hi 


N(CH2CH2<ICH2CH2C02CH3)2 


IV 


I 

H20  I (HCI) 
N02  N02^ 

N(CH2CH2NCH2CH2C02H) 


c. 


V 


* Report  No.  686,  p,  85. 

f Emmons  and  Ferris,  J_.  Am.  Chem.  Soc.  75,  U623  (1953). 
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As  indicated  above,  two  routes  were  used  in  the  conversion  of  dimethyl 
U,7,10-triaza-l,13-tridecanedioate  (I)  to  dimethyl  U,7 ,10-trinitraza-l,13- 
tridecanedioate  (IV),  Hie  first  method  involved  the  oxidation  of  the  inter- 
mediate, dimethyl  triritroso— triaza— 1,13— tridecanedioate  (II), 

by  means  of  trifluoroperacetic  acid,  and  the  second  method  involved  the  direct 
nitration  of  an  intermediate  tris  nitric  acid  salt  (III),  This  latter  reaction 
was  particularly  interesting, as  a fair  yield  of  dimethyl  ii,? ,10-trinit raza- 

1.13- tridecansdioate  (IV)  resulted,  whereas  previous  attempts  to  obtain  the 
corresponding  dinitrile,  U,7,10-trinitraza-l,13-tridecane  dinitrile,  in  similar 
experiments  met  with  little  success.  This  difference  in  ease  of  nitration  was 
presumed  to  be  largely  due  to  the  greater  solubility  of  the  tris  nitric  acid 
salt  of  dimethyl  U,7,10-triaza-l,13-tridecanedioate  in  the  nitrating  medium 

as  compared  with  that  of  the  nitric  acid  salt  of  Li, 7, 10- trinit raza-1, 13- tri- 
decane dinitrile  rather  than  any  great  difference  in  the  basicity  of  the  imino 
groups  in  the  two  compounds. 

b.  Experimental 

(1)  Preparation  and  Hydrolysis  of  U,7,10-Trinitraza- 

1. 13-  t ride cane  Dinitrile 


An  oxidizing  solution  was  prepared  by  the  addition 
of  16.6  g (O.U5  mole)  90$  hydrogen  peroxide  to  Vi*  ml  (0.8  mole)  trifluor oacetic 
acid.  This  solution  was  warmed  to  U0°C,  and  29.6  g (0.1  mole)  ^,7,10-trinitroso- 
U , 7 , 10-t riaz a-1 , 13-t ridec ane  dinitrile  was  added  portionwise  during  a 10- to  15- 
min  period  at  U0  to  U5°C.  The  temperature  was  maintained  by  inteimittent  use 
of  an  efficient  cooling  bath.  Stirring  was  continued  for  30  to  U0  min  at  U0°C, 
and  intermittent  cooling  was  required.  Inadvertent  cooling  to  353C  caused  the 
product  to  crystallize  from  solution.  The  pasty  mass  was  further  chilled  to 
5°C,  poured  onto  an  ice-water  mixture,  and  filtered.  The  colorless  product  was 
washed  successively  with  cold  water,  methanol,  and  ether.  Air  drying  yielded 
28  g U,7,10-trinitraza-l,13-tridscane  dinitrile,  corresponding  to  8i.U£  of  the 
theoretical.  The  product  melted  over  a range  (ea  136  to  llil°C ) which  indicated 
that  the  reaction  could  possibly  have  been  run  for  a somewhat  longer  period. 

The  dinitrile  was  hydrolyzed  using  concentrated  hydrochloric  acid  (12  ml/gram) 
during  a 6 to  7 hr  period  to  yield  U,7,10-trinitraza-l,13“tridecanedioic  acid, 
melting  at  176.5  to  178°C. 

(2)  Preparation  of  Dimethyl  U,7,10-Triaza~l,13- 

tridecanedioate  (I) 


To  a solution  of  206  g (2mcles)  diethylene  tri- 
amine in  3C0  ml  inethanol  was  added  3UU  g (8  moles)  methyl  acrylate  during  a 
30-to  35-min  period  while  the  temperature  was  held  below  50°C.  The  solution 
was  stirred  for  1.5  hi-  during  which  time  the  temperature  dropped  to  30°C  and 
was  then  reheated  at  U5  to  50°C  for  30  min.  The  solution  (800  ml,  total  vol- 
ume) was  divided  into  two  equal  portions,  and  the  latter  were  used  in  subsequent 
preparations  of  the  nitric  acid  salt  of  dimethyl  li.,7 ,10-triasa-i , 13-t  ride  cane- 
dioate  and  dimethyl  U,7,i0-trinitroso-ii,7,10-triaza-l,i3-tridecanedioate. 
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(j)  Preparation  of  the  tris  Nitric  Acid  Salt  of  Di- 
methyl U, 7 ,10-Triaza-l,13-tridecanedioate  (III) 

A liOO-rnl  portion  of  the  above  reaction  solution 
was  diluted  with  10C0  ml  water,  and  199  ml  (3.15  moles)  70?)  nitric  acid  was 
added  in  a fine  stream  with  vigorous  stirring  while  the  temperature  was  held 
below  20°C  by  external  cooling.  The  resulting  mixture  was  further  chilled  to 
0°C,  and  the  precipitate  was  collected  on  a Buchner  funnel.  The  fine,  crystal- 
line precipitate  made  filtration  extremely  slow.  The  product  was  washed  with 
methanol  and  then  dried  in  a vacuum  desiccator  over  potassium  hydroxide  pellets 
with  continuous  pimping  for  several  hours.  The  dry  product  weighed  188.5  g> 
corresponding  to  a U0,6$  yield  of  the  tris  nitric  acid  salt  of  dimethyl  l»,7,10- 
triaza-l,13-tridecanedioate  (based  on  3iethylene  triamine). 

(U)  Preparation  of  Dimethyl  if,7,10-Trinitroso-U,7,10- 
triaza-l,13-tridecanedioate  (II) 


A uOO-ml  portion  of  the  reaction  solution  from 
the  preparation  of  dimethyl  U,7,10-triaza-l,13-tridecanedioate  (see  (2)  above) 
was  diluted  with  150  ml  water,  and  2h9  ml  (3  moles)  37?)  hydrochloric  acid  was 
added  rapidly  with  vigorous  stirring  but  no  external  cooling.  A solution  of 
220  g (3.1  moles)  97?)  sodium  nitrite  in  UCG  ml  water  was  added  to  the  hot  solu- 
tion during  a 15-min  period.  The  temperature  was  held  at  70  to  60°C  during 
this  time  by  the  heat  of  reaction.  Stirring  was  continued  for  h$  min  while 
the  temperature  of  the  reaction  mixture  was  held  at  90°C  by  means  of  the  steam- 
bath.  The  mixture  darkened  appreciably  during  this  latter  heating  period. 

The  lower,  oily  layer  could  not  be  crystallized  on  chilling  and  was  removed 
by  four  extractions  with  methylene  chloride  (2^00  ml,  total  volume).  The  com- 
bined extracts  ware  washed  twice  with  750-ml  portions  of  3?  sodium  carbonate, 
once  with  750  ml  3%  sodium  bisulfite,  and  twice  with  500  to  600  ml  water. 

The  solution  was  distilled  briefly  until  all  moisture  had  azeotropic ally 
distilled  and  was  then  treated  with  charcoal.  The  solvent  was  removed  by 
distillation  under  reduced  pressure,  yielding  a brown,  viscous  residue  of 
crude  dimethyl  U,7,10-trinitroso-U,7,10-triaza-l,13-tridecanedioate  weighing 
116  g,  which  corresponded  to  a 32.2$  yield  (based  on  diethyiene  triamine). 
Initial  attempts  to  crystallize  the  product  were  unsuccessful,  and  the  ma- 
te rial  v;as  used  without  purification  in  the  preparation  of  dimethyl  U,7,1C- 
t rinitraza-1 , 13-tridecanedicate , 

(5)  Preparation  anu  Hydrolysis  of  Dimethyl  u,7,10- 
Trinitras-.-l,13-tridecanedioate  (IV ) 

(a)  A solution  of  36.2  g (0.1  mole)  crude 
dimetnyl  U,7,10-trinitroso-U,7,10-triaza-l,13-tridecanedioate  in  55.5  ml 
(0.6  mole)  trifluoroacetic  acid  was  added  dropwise  with  stirring  to  a solu- 
tion of  16-6  g (0.U5  mole)  90$  hydrogen  peroxide  in  37  ml  (O.U  mole)  tri- 
fluoroacetic acid  warmed  to  u0°C.  The  addition  was  completed  in  10  to  15 
min  v/hile  the  temperature  was  held  at  U0°C  by  intermittent  cooling.  Cooling 
was  also  required  for  15  to  30  min  following  the  addition.  With  continued 
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stirring  Tor  1 hr,  the  temperature  of  the  solution  dropped  to  35°C.  The  solu- 
tion was  reheated  to  !*5°C  and  allowed  to  stir  for  30  min.  The  solution  was 
chilled  to  0°C  and  diluted  with  300  ml  ice  water,  which  caused  the  product 
to  separate  as  a near-colorless  oil.  With  continued  stirring,  the  latter 
crystallized  and  was  removed  by  filtration  and  washed  with  cold  water.  The 
product  was  recrystallized  from  a methanol-acetone  mixture  to  yield  18.5  g 
material  corresponding  to  1*5. l£  of  the  theoretical,  although  an  appreciable 
amount  of  product  was  lost  due  to  spillage  during  the  recrystallizaticn  process. 
The  dimethyl  )*,7 ,10-trinitraza-l,13-tridecanedioate  melted  at  103  to  109°C,  in- 
dicating some  contamination,  but  hydrolysis  in  200  ml  31%  hydrochloric  acid  for 
3 hr  at  85  to  90°C  yielded  12.5  g (72,5")  h,l ,10-t:rinitraza-l,13-tridecanedioic 
acid  melting  at  177  to  178. 5°C  and  186°C.  This  double  melting  point  had 
previously  been  exhibited  by  this  acid  when  obtained  by  the  hydrolysis  of 
th6  corresponding  dinitrile. 


(b)  A nitrating  solution  was  prepared  by  the  suc- 
cessive addition  of  0.82  ml  (O.GC90  mole)  31%  hydrochloric  acid  and  2.5  ml 
(0,06  mole)  anhydrous  nitric  acid  to  hi  ml  (0.5  mole)  acetic  anhydride  at  20 
to  25°C.  To  this  solution  was  added  1*6 .1*  g (0.1  mole)  nowdered  tris  nitric 
acid  salt  of  dimethyl  U,7,10-triaza-l,13-tridecanedioate  in  portions  during 
a U5-min  period.  The  addition  was  carried  out  over  this  comparatively  long 
period  as  the  salt  dissolved  slowly  at  25  to  35°C.  During  the  addition  of 
approximately  the  latter  one-third  of  the  salt,  the  precipitation  of  solid 
(presumed  to  be  product)  from  solution  obscured  the  reaction.  However, 
there  appeared  to  be  no  heat  evolved,  and  no  nitrogen  dioxide  fumes  were 
present  during  this  time.  With  the  addition  of  0,82  ml  (0.0099  mole)  31% 
hydrochloric  acid,  the  temperature  rose  immediately  from  31  to  39°C  with  an 
accompanying  decrease  in  the  viscosity  of  the  reaction  mixture.  ’With  continued 
stirring,  the  temperature  gradually  rose  to  1*5  to  50°C  during  a 20  to  25-rain 
period.  From  this  point,  the  temperature  rose  rapidly  to  55°C  with  complete 
solution  resulting.  The  solution  was  immediately  chilled  to  i*5°C,  causing 
the  crystallization  of  appreciable  solid.  There  appeared  to  be  no  further 
reaction  as  the  temperature  dropped  to  30°C  with  the  precipitation  of  additional 
solid  during  the  final  30  min  of  stirring.  The  mixture  was  chilled  and  diluted 
with  120  ml  ice  water  followed  by  filtration  and  washing  of  the  product  with 
ice  water.  Recrystallization  of  the  crude  product  from  a methanol-acetone  mix- 
ture yielded  25.5  g {62,2%)  dimethyl  l*,7,10-trinitraza-l,13-tridecanedioate 
melting  at  101*  to  110°C',  indicating  some  contamination.  A small  sample  of  the 
product  was  recrystallized  repeatedly  from  methanol  without  markedly  improving 
the  melting  point.  However,  a single  recrystallization  from  boiling  vrater  (an 
extremely  dilute  solution)  gave  material  melting  at  112.5  to  lll*°C.  Hydrolysis 
of  25  g crude  dimethyl,  ester  in  250  .ml  37 % lydrochloric  acid  at  85  to  90°  during 
a 2.5-hr  period  gave  19.6  g l*,7,10-trinitraza-l,13~tridecanedioic  acid  (mp 
177.5  to  178.5°  and  136  to  188.5°)  corresponding  to  an  81*.  1%  yield. 
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Preparation  of  lj,8-Dinitraza-l,ll-undecanedioic  Acid 


D-i  n«nr><''5  An 

a ju  iAwj  -i.  vi  » 


U,8-Dinitraza-l,ll-undecanedioic  acid  was  prepared  by 
the  following  series  of  reactions,  which  directly  parallels  the  synthesis  of 
U-nitraza-l,7-heptanedioic  ac.id,  U,7-dinitraza-l,10-decanedioic  acid,  and  othei 
dicarboxylic  acids. 

2CH2-CHCH+CH2CH2CH2 ^CK2(CH2HHCH2CH2CK)2  HH°3  y CH0(CK2NHCH2CH2CN)2 


m. 


NK, 


II 


HN03-  Ac20 

61= 


N0o 
( 2 

CK2(CH0NCH2CH2CN)2 

III 


h2o 


HC1 


fz 

C!I2(CH?NCH2CH2002H)2 

IV 


U,S-Diaza-l,ll-undecane  dinitrile  (I)  was  not  isolated  following  the  f.ichael 
reaction  of  acrylonitrile  and  1,3-diaminopropane  but  was  converted  in  solu- 
tion to  the  nitric  acid  salt  (II).  The  latter  gave  Li,8-dinitraza-l,  11- undecane 
dinitrile  (III)  in  U6$  yield  by  neans  of  a chloride-catalyzed  nitration.  The 
hydrolysis  of  the  dinitrile  in  concentrated  hydrochloric  acid  yielded  U, 8-di- 
nit raza-1,  11-  unde  canedioic  acid  (IV)  in  7l$  yield.  A comparison  of  the  melting 
points  of  the  above  dinitrile  and  dicarboaylic  acid  (81  to  62°C  and  1U7.5  to 
lu9°C,  respectively)  with  the  melting  points  of  ]j,7-dinitraza-l, 10-decane  di- 
nitrile (130  to  131°C)  and  U,7-dinitraza~l,10-decanedioic  acid  (lUl.5  to  lii2.5°C) 
indicates  the  marked  effect  obtained  by  the  introduction  of  an  additional  methylene 
group  giving  rise  to  a series  of  compounds  of  odd  chain  length. 


b.  Experimental 

(1)  Preparation  of  the  Bis  iiitric  Acid  Salt  of  U,8- 
Diaza-1,  ll-ur.de cane  Dinitrile 


To  a solution  of  99  g (l.3U  moles)  1,3-diamino- 
propai.e  in  SO  ml  methanol  was  added  203  ml  (3.1  moles)  acrylonitrile  while  the 
temperature  'was  held  at  IjOcC  by  external  cooling.  After  stirring  overnight  at 
room  temperature,  the  reaction  solution  was  diluted  with  700  ml  methanol,  and 
177  ml  (2.8  moles)  70%  nitric  acid  was  added  with  vigorous  stirring  at  IS  to  20°C 
during  a 15-min  period.  The  mixture  was  chilled  to  5°C,  and  the  product  was 
collected  by  filtration  and  washed  successively  with  methanol  and  ethyl  ether. 
After  thorough  drying  in  a vacuum  desiccator  over  potassium  hydroxide  oellets, 
the  bis  nitric  acid  salt  of  i i , 8-diasa-l ,11- unde cane  dinitrile  weighed  603  g, 
corresponding  to  a 98.3%  yield.  Three  recrystallizations  from  water-methanol 
mixtures  gave  nroduct  melting  at  205  to  206°C. 

Anal.  Oalc'd  for  C^K^gO^H^:  %0,  35.29;  %H,  5.92;  %M , 27. hi 
Found:  %C,  35.28;  %H,  5.76;  %N,  27.22 
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nitrile 


(2)  Preparation  of  U ,8-Dinit raza-l,ll-undecane  Di- 


A nitrating  solution  was  prepared  by  the  suc- 
cessive addition  of  0.8  ml  (0.0066  mole)  3l%  hydrochloric  acid  and  1.67  ml 
(O.CL;  mole)  anhydrous  nitric  acid  to  33.5  ml  (0.356  mole)  acetic  anhydride. 

The  bis  nitric  acid  sc.lt  of  U,8-diaza-l,ll-undecane  dinitrile  (30.6  g:  0.1 
moleXwas  added  portionwise  at  U0°C.  With  the  addition  of  the  salt  completed, 
an  additional  0.8  ml  31%  hydrochloric  acid  was  added,  and  the  reaction  mixture 
was  allowed  to  heat  to  50°C,  with  complete  solution  of  the  salt  resulting.  The 
solution  was  cooled  to  UO  to  li5°C,  but  there  was  no  further  tendency  for  the 
reaction  temperature  to  rise.  With  continued  stirring,  the  temperature  dropped 
to  30°C  with  the  precipitation  of  some  solid.  The  mixture  was  chilled  to  10°C 
and  diluted  with  80  ml  ice  water.  The  product  initially  separated  as  an  oil, 
but  the  latter  crystallized  during  a brief  stirring  period.  The  product  was 
collected  by  filtration  and  washed  successively  with  ice  water,  methanol,  and 
ether.  The  18.1  g of  product  was  recrystallized  from  an  acetone-methanol  mix- 
ture to  yield  12.5  g ChS.3%)  U, 8-dinit raza-l,ll-unde cane  dinitrile,  melting 
at  7U.5  to  77.5°C.  Three  additional  recrystaliizations  from  acetone-methanol 
mixtures  yielded  a purified  material  melting  at  81  to  82°C. 

Anal.  Calc  'd  for  %C,  UO.OO;  %E,  5.22;  %H,  31.10 

Found:  %C , U0.00;  %Vi,  5.16;  %N,  30.98 

(3)  Preparation  of  i*,8-Dinitraza~l,ll-undecanedioic 

Acid 

A solution  of  78  g (0.289  mole)  U,8-dinitraza- 
1,11-undecane  dinitrile  in  780  ml  31%  hydrochloric  acid  was  heated  on  the 
steam-bath  at  90°C  for  6.5  hr.  The  product  separated  in  large,  colorless 
crystals  on  storage  of  the  solution  overnight  at  room  temperature.  The  di- 
carboxylic  acid  was  removed  by  filtration,  washed  well  with  ice  water,  and 
dried.  The  U,8-dinitraza-l,ll-undecanedioic  acid  weighed  63.5  g,  correspond- 
ing to  a 71.3  % yield.  A sample  of  the  product  was  further  purified  by  three 
recrystaliizations  from  hot  water  to  give  material  melting  at  1U7.5  to  lij.90C. 

Anal.  Calc  'd  for  CoH^0pN,.:  %C,  35.07;  %U,  5.23;  *H,  18,18 

S -A-W  14 

Found:  %C,  3h.Qhi  %ti,  5.1?;  #N,  18.50 
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D.  KITRO  DIISOCYANATE3 

1,  Preparation  ol  2-N'itraza-l)li -butane  Diisocyanate 

a.  Discussion 

An  initial  preparation  and  characterization  of  2- 
nitraza-l,U-outane  diisocyanate  on  a small  scale  yras  described  in  the  pre- 
vious quarterly  report,*  This  reaction  has  now  been  carried  out  on  a 1- 
mole  scale  to  yield  the  crude  diisocyanate  in  about  9h%  yield.  In  order  to 
obtain  this  desirable  diisocyanate  in  a form  suitable  for  polymerization  it 
was  necessary  to  investigate  methods  of  purification.  By  low- temperature 
recrystallizations  from  absolute  ether,  the  diisocyanate  has  now  been  ob- 
tained in  greater  than  98$  purity.  The  material  is  a liquid  at  room  tempera- 
ture, The  calculated  specific  impulse  of  the  polyurethane  from  this  diiso- 
cyanate and  2,2-dinitropropanediol  is  179.2  lbf  sec/lbm,  and  the  correspond- 
ing postnitrated  polyurethane  has  an  estimated  ISp  of  229.6  lbf  sec/lbm. 

b.  Experimental 

A solution  of  22 9 g (l  mole)  3-nitraza-l,6-hexane- 
dioyl  chloride  in  1 liter  dry,  alcohol-free  chloroform  was  added  in  a fine 
stream  with  vigorous  stirring  to  a solution  of  198  g (3  moles)  sodium  azide 
in  500  ml  water.  The  temperature  of  the  two-phase  reaction  mixture  was 
maintained  at  5°C  during  the  15  to  20-min  period  of  addition.  Stirring  was 
continued  for  1.5  hr  while  the  temperature  was  held  below  10°C  by  means  of 
an  ice  bath.  The  mixture  was  separated,  and  the  aqueous  phase  was  diluted 
with  300  ml  water  and  extracted  with  an  additional  200  ml  chloroform.  The 
combined  chloroform  solutions  were  washed  successively  with  500  rul  ice  water, 
500  ml  5$  sodium  bicarbonate,  and  two  500-ml  portions  water.  The  chloroform 
solution  was  dried  over  Drierite  and  then  about  250  ml  chloroform  was  dis- 
tilled in  vacuo  to  insure  complete  removal  of  moisture.  The  azide  was  then 
decomposed  - the  decomposition  was  self-sustaining  after  the  solution  had 
been  warmed  to  50°C,  After  1 hr,  an  additional  250  ml  chloroform  was  added 
and  the  solution  was  reheated  on  the  steam  bath  until  this  amount  of  dis- 
tillate was  collected.  The  remaining  solvent  was  then  removed  by  distilla- 
tion in  vacuo.  The  residue  of  crude  diisocyanate  (yellow-orange  color) 
weighed  lV 7 g , corresponding  to  about  9h%  of  the  theoretical.  The  product 
was  dissolved  in  1600  ml  absolute  ether  and  decanted  from  a smaDl  (<C.5  g) 
amount  of  orange-red  oil.  The  clear  solution,  protected  from  moisture  by 
a diy-nitrogen  atmosphere,  was  chilled  with  vigorous  stirring.  Following 
crystallization  and  further  chilling  in  a dry  ice — acetone  bath,  the  solvent 
was  removed  by  a fritted-glass  filter  stick.  A second  recrystallization 
was  made  in  like  manner  from  1500  ml  absolute  ether,  and  the  last  traces 
of  solvent  were  removed  by  prolonged  evacuation,  using  an  oil  pump.  The 
crystalline  product  (l60  g)  melted  on  warming  to  room  temperature.  Dupli- 
cate analyses  by  titration  means  showed  97.31  and  97.26$  diisocyanate. 


Report  772,  p.  76, 


Page  68 


VII  Technical  Progress:  Organic  Synthesis,  D (cont. ) 


Re  port  No . 607 


The  bulk  of  the  material  (liiO  g)  was  recrystallized  twice  from  1350  ml  and 
1500  ml  absolute  ether  as  before,  followed  by  complete  removal  of  solvent  by 
pumping  overnight.  The  faint  yellow  liquid  weighed  120  to  121  g,  and  dupli- 
cate analyses  showed  98. 55  and  98, 13$  diisocyanate. 

Anal.  Calc  'd  for  C^O^:  %C,  32.26 j 3.25;  ^N,  30.10 

Found;  %C,  32.20;  %H,  3.-06,  %U,  30.08 

2.  Preparation  of  3,6,9-Trinitraza-l,ll-undecane  Diisocyanate 

a.  Discussion 

The  preparation  of  3,6,?-trinitraza-l,ll-undecane 
diisocyanate  has  been  successfully  completed  on  a small  scale.  The  material 
was  obtained  by  conversion  of  6,7 ,10-trinitraza-l,13-tridecanedioyl  chloride 
to  U,7,10-trinitraza-l,13-tridecanedioyl  azide  followed  by  rearrangement  of 
the  latter  material. 


NO-  NO  MO-  MO- 

I ^ I 2 - I 2 | 2 

(HQ-CCH-CH-NCH-CHO-N  . (C10CCH2CH2NCH2CH2)2N  __ 


II 


NO- 


NO, 


NaN 


3 (N3OCCH2CH2NCH2CH2)2t 


M0- 

I 1 

(OCNCH2CH2NCH2CH2  )2n 


;i°2 


III 


rv 


Some  difficulty  was  encountered  in  the  attempted  purification  of  6,7,10-tri- 
nitraza-l,13-tridecanedioyl  chloride  (II),  obtained  by  the  action  of  phosphor- 
ous pentachloride  on  the  corresponding  acid  (I).  The  acid  chloride  appeared 
to  be  amorphous  and  did  not  melt  sharply  after  repeated  recrystallizations 
from  ethylene  dichloride.  The  material  was  characterized  by  conversion  to 
the  dimethyl  ester.  However,  the  preparation  of  the  diazide  proceeded  smoothly 
using  this  acid  chloride.  3,6,9-Trinitraza-l,ll-undecane  diisocyanate  (iv ) 
was  an  amorphous  solid  which  dissolved  with  difficulty  in  such  solvents  as 
the  chlorinated  hydrocarbons,  ethyl  acetate,  and  chlorobenzene,  which  have 
been  successfully  used  for  the  purification  of  diisocyanates  of  similar  struc- 
ture, L'oreover,  once  a solution  of  the  diisocyanate'  was  obtained,  it  was  nec- 
essary tc  concentrate  to  near-drynsss  in  order  to  recover  the  diisocyanate. 

As  with  the  acid  chloride,  a sharply  melting  product  was  not  obtained,  although 
the  material  gave  a satisfactory  analysis  and  yielded  a dimethyl  urethane  on 
treatment  with  methanol.  The  calculated  specific  impulse  of  the  Dolyurethane 
from  this  diisocyanate  and  2 , 2-dinitropropanediol  is  157  Ibf  sec/lbm,  and  the 
calculated  specific  impulse  of  the  corresponding  postnitrated  polyurethane  is 
220  Ibf  sec/lbm. 
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b. 


dioyl  Chloride 


Experimental 

(1)  Preparation  of  h,7,10-Trinitraza-l,13-tridecane- 


A mixture  of  3.8  g (0.01  mole)  l*,7,10-trini- 
traza-l,13-tridecanedioic  acid  and  9 g (0.022  mole  ) phosphorous  pentachloride 
ivas  charged  to  a round-bottomed  flask  with  reflux  condenser,  and  the  mixture 
was  gradually  melted  by  gently  heating  with  a Bunsen  flame.  The  temperature 
of  the  mixture  rose  to  the  boiling  point  of  the  phosphorous  oxychloride 
liberated  which  was  distilled  off  as  the  reaction  proceeded.  The  theoreti- 
cal amount  of  phosphorous  oxychloride  was  obtained  in  this  manner.  The 
solidified  residue  (some  slight  darkening  or  charring  noted)  was  titrated  with 
dry  carbon  tetrachloride,  filtered,  washed  additionally  with  carbon  tetra- 
chloride, and  washed  with  absolute  ether.  The  product  was  recrystallized 
from  about  15  ml  dry  ethyl.ene  dichloride  to  yield  *naterial  melting  at  100 
to  108°C.  This  material  and  the  product  from  a previous  experiment  were 
combined  and  recrystallized  three  additional  times  from  dry  ethylene  di- 
chloride. Although  the  color  of  the  product  was  imp roved,  there  was  little 
change  in  the  melting  point,  and  consequently,  the  material  was  not  sub- 
mitted for  analysis.  Treatment  of  the  product  with  methanol  on  the  steam- 
bath  for  a brief  period  yielded  crude  dimethyl  4,7 ,10-brinitraza-l,13-tri- 
decaneaioate,  which  -was  recrystallized  four  times  from  methanol  to  yield 
material  melting  at  112.5  to  113. 5°C. 

Anal.  Calc  'd  for  J6C,  35. 12;  JSH,  5.Ul;  £N,  20.1*8;  20CH y 15.13 

Found:  %C,  3h.?2;  £H,  5.02;  *N,  20.1  Hi. 12 

(2)  Preparation  of  3,6,9-Trinitraza-l,ll-undecane 

Diisocyanate 


A solution  of  U5.1  g (0.1  mole)  U,7,10-tri- 
nitraza-l,13-tridecanedioyl  chloride  in  235  ml  acetone  was  diluted  with  50  ml 
glacial  acetic  acid,  and  26  g (O.U  mole)  powdered  sodium  azide  was  added  por- 
tionwise  with  vigorous  stirring  during  a 10-rain  period,  while  the  temperature 
was  held  at  20  to  25°C.  The  mixture  was  stirred  for  1 hr  at  25°C,  chilled 
to  10°C,  and  diluted  with  600  ml  ice  waber.  The  separation  of  the  product 
by  filtration  and  subsequent  washings  with  ice  water,  methanol,  and  absolute 
ether  were  extremely  slow.  The  precipitate  was  slurried  in  650  ml  dry  ethyl- 
ene dichloride,  and  ca  200  ml  solvent  was  distilled  in  vacuo  to  insure  com- 
plete removal  of  moisture.  The  l*,7,10--trinitraza-l,13-tridecanedioyl  azide 
was  then  rearranged  by  warming  the  mixture  on  the  steam  bath  at  atmospheric 
pressure.  Additional  solvent  was  a ded  before  decomposition  was  complete, 
to  prevent  the  solution  from  becoming  too  concentrated.  The  polymeric  ma- 
terial (15  g)  which  had  formed  during  the  early  stage  of  the  rearrangement 
was  removed  by  filtration,  and  the  filtrate  was  concentrated  to  near-dryness. 
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This  concentrate  was  diluted  with  absolute  ether,  tne  mixture  was  filtered, 
and  the  solid  was  dried  of  solvent.  The  crude  diisocyanate  was  treated  with 
a large  volume  of  hot  methylene  chloride,  filtered  to  remove  the  more  highly 
colored  material  which  failed  to  dissolve,  and  then  evaporated  to  near-dryness. 

On  chilling  the  solution,  the  diisocyanate  crystallized  and  was  separated  by 
filtration  and  washed  with  absolute  ether.  An  attempt  was  made  to  recrystal- 
lize the  12  g of  diisocyanate  a second  time  from  dry,  alcohol-free  chloroform, 
but  the  greater  insolubility  of  the  product  in  this  solvent  necessitated  the 
further  use  of  methylene  chloride.  Evaporation  of  the  solution  was  again  nec- 
essary, and  the  product  was  obtained  in  gelatinous  form  from  the  mixed  solvents. 
The  diisocyanate  melted  over  the  range  of  90  to  95°C.  A third  recrystaiiiza- 
tion  was  made  by  dissolving  the  diisocyanate  in  methylene  chloride  and  re precipi- 
tating by  the  addition  of  absolute  ether.  The  melting  point  was  not  improved. 

Anal,  calc  'd  for  C^qH^OqNq : %c,  31.92;  %H,  2*.  29;  $6N,  29.78 

Found:  %C,  31.17;  %H,  It. 22;  %K,  29.70 

(3)  Dimethyl  urethane 

A sample  of  the  crude  diisocyanate  (17  g)  was 
converted  to  the  dimethyl  urethane  by  wanning  with  methanol  for  a brief  period. 
The  dimethyl  5,8,ll-trinitra-2,5,8,ll,li:-~pentaza-l,l5--pentadecanedioate  melted 
at  186  to  189°C  after  recrystallization  from  a nethanol-acetone  mixture . 

Anal,  calc 1 d for  C^H^C^Ng:  32.73;  5.2:9;  %W,  25.1:5;  iSOCH-,  12:.09 

Found:  %C,  32.53;  U,  5.16;  J6M,  2ii.80;  %0CUy  13.56 

3.  Preparation  of  3, 7-Dinitraza-l, 9-nonane  Diisocyanate 

a.  Discussion 


An  initial  preparation  of  3, 7-dinitraza-l, 9-nonane 
diisocyanate  has  been  made  and  the  diisocyanate  characterized  by  analysis 
and  conversion  to  the  dimethyl  urethane,  dimethyl  5,9-dinitro-2 ,5,9,12-tetraza- 
1,13-tridecanedioate.  The  diisocyanate  was  prepared  in  the  usual  manner  from 
h .R-d-irvitra^.a-i  ji-iipdecanedicyl  chloride  via  the  corresponding  diaaide.  Be- 


cause of  the  considerably  greater  solubility  of  this  diazide  (as  well  as  the 
other  intermediates  in  this  series)  as  compared  with  U, 7-dinitraza-l, 10-decane- 
dioyl  azide,  it  was  possible  to  use  a heterogeneous  reaction  medium  in  the 
prepaiation  of  the  diazide  and  thus  avoid  the  isolation  of  this  material  in 
the  solid  state.  The  acid  chloride,  It, 8-dinit raza-l,il-undecanedioyl  chloride, 
was  readily  obtained  by  the  action  of  thienyl  chloride  on  the  corresponding 
acid.  The  acid  chloride  melts  at  60  to  6l°C,  and  the  dimethyl  ester  at  56 
to  57 °C,  as  compared  with  95  to  96°C  and  12U.5  tc  125.5°C,for  the  respective 
melting  points  of  It, 7-dinitraza-l .10-de cane dioyl  chloride  and  the  corresponding 
dimethyl  ester. 
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b. 


dioyl  Chloride 


Experimental 

(1)  Preparation  of  U,8-Dinitraza-l,ll-undecane- 


A mixture  of  61.6  g (0.2  mole)  U,8-dinitraza-l, 
11-undecanedioic  acid  and  183  ml  thionyl  chloride  was  heated  at  reflux  tempera- 
ture for  1.5  hr.  The  acid  dissolved  during  this  time  with  cessation  of  gas 
evolution  and  an  accompanying  rise  in  the  temperature  of  the  reaction  solu- 
tion to  the  boiling  point  of  the  thionyl  chloride.  The  product  did  not  crys- 
tallize when  the  solution  was  permitted  to  cool  to  room  temperature,  but  did 
crystallize  with  further  cooling.  The  colorless  acid  chloride  was  removed  by 
filtration  and  washed  with  absolute  ether.  A small  additional  quantity  of 
product  was  precipitated  from  the  mother  liquor  by  the  ether  washings.  The 
two  fractions  weighed  63.5  g and  2.8  g,  respectively,  corresponding  to  a 
combined  yield  of  87. 9$.  A sample  of  the  acid  chloride  was  purified  for 
analysis  by  two  recrystallizations  from  dry,  alcohol-free  chloroform.  The 
U,Q-diniur?"a-l,ll-undecanedioyl  chloride  melted  at  60  to  61°C. 

Anal,  calc'd  for  CgH-^OflN)  Cl??  $C1,  18.80 

Found:  $C1,  18, 5l 

The  second  crop  of  acid  chloride  was  converted  to  the  dimethyl  ester  by 
warming  on  the  steam-bath  briefly  with  methanol.  The  ester  melted  at  56  to 
57 °C  following  three  recrystallizations  from  methanol. 

Anal,  calc'd  for  C-^H^OgN^:  jgc,  39.28;  j£H,  5.99;  #N,  16.66;  18.1*6 

Found:  %C,  39. UU;  %H,  5.92;  %H,  16.77;  %0CH y 18.02 

(2)  Preparation  of  3, 7-Pinitraza-l, 9-nonane  Diiso- 

cyanate 

A solution  of  37,7  g (0.1  mole)  i;,5-dinitraza- 
1,11-undecanedioyl  chloride  in  225  nil  dry,  alcohol-free  chloroform  was  added 
in  a fine  stream  with  vigorous  stirring  to  a solution  of  19.5  g (0.3  mole) 
sodium  azide  in  50  ml  -.‘rater  at  5 to  10°C.  The  temperature  vras  held  at  5°C 
by  means  of  an  ice  bath  while  the  two-phase  mixture  was  stirred  iux  1.5  hr. 

The  reaction  mixture  was  further  diluted  with  200  ml  chloroform  and  50  ml 
water,  and  the  aqueous  phase  was  discarded.  The  chloroform  layer  was  washed 
with  100  ml  $%  sodium  carbonate  solution  and  four  times  with  100  ml  of  ice 
water.  The  chloroform  solution  was  dried  over  Drierite,  diluted  with  addi- 
tional dry  chloroform,  and  distilled  briefly  in  vacuo  to  ensure  complete  re- 
moval of  moisture.  The  U , O-dinitraza-1 , U-undecanecSioyl  azide  was  then  de- 
composed on  warming  the  solution  on  the  steam-bath  at  atmospheric  pressure. 
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When  decomposition  was  complete,  the  solvent  was  removed  by  distillation  in 
vacuo  to  yield  30.6  g crude  3, 7-dinit raza-1, 9-nonane  diisocyanate  as  a faint 
yellow,  viscous  residue.  On  storage  in  a deep-freeze,  the  product  crystal- 
lized. The  diisocyanate  was  triturated  with  absolute  ether  and  dried  to  yield 
material  melting  at  ca.  35°C.  Further  purification  has  not  been  inveet-igated. 

Anal,  calc 'd  for  C^H^O^:  %c , 35.76}  JCH,  U.67;  J&J,  27.81  * 

Found:  ft,  35.92:  ft,  U.58;  *N,  26.^6 

A portion  of  the  product  was  converted  to  the  dimethyl  urethane,  dimethyl  5>9~ 
dinitro-2,5,9,12-tetraza-l,13-tridecanedioate,  on  treatment  with  methanol.  The 
latter  melted  at  139.5  to  lU0°C  after  recrystallization  from  methanol. 

Anal,  calc 'd  for  C^H^OgN^:  «gef  36.06;  JbH,  6.05;  ft,  22.9k ; £0CK3,  16.9U 

Found:  ft,  36.20;  ft,  5.97;  ft,  23.29;  £0CH3,  16.75 

E.  ATTEMPTED  PREPARATION  OF  2-NITRAZ A-l , U-BUTANE  DIALZNE  DIHYDROCHLORID. 

An  attempt  was  made  to  prepare  2-nitraza-l,L»-butane  diamine  dihydro- 
chloride (II)  by  the  hydrolysis  of  the  dimethyl  urethane  of  2-nit raza-1, U-butane 
diisocyanate  (I)  using  concentrated  hydrochloric  acid. 


N°2 

CH_0«CNIICH„NCH«CH«NHC0„CH. 


■JHC1  > 


J c.  C L.  C d j 


NO- 
5 2 

ClH'HgNCHgNCUgCHgNHg.HCl  + 2CH3OH  + 2C02 


I 


II 


The  only  material  isolated  from  the  hydrolysis  solution  was  ammonium  chloride, 
indicating  that  degradation  had  occured  during  the  extended  reaction  period. 

F.  INTERMEDIATES 

1.  Preparation  of  U-Aza-l , 2-pentanediol 
a.  Discussion 


The  preparation  of  8-aza-l , 2-pentanediol  for  conversion 
to  the  !r-nitraza  compound  has  been  carried  out  by  a modification  of  the  method 
of  Knorr  and  Knorr.* 

CH0-CHCH„C1.  — — H0CH_CH-CH„ 

I 2 I 2 

OH  OH 


HOCH  o0H-  0RoNI  ICH 

2 j 2 

OH 


L.  Knorr  and  E.  Knorr,  Ber, , 32,  750  (1899). 
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The  intermediate  glycidol  is  not  isolated  in  the  course  of  the  reaction.  The 
amine  is  reported  as  boiling  at  ?5°C/l2  ram*  and  at  235  to  25C°C/7U8  mm.**  The 
material  obtained  here  distilled  at  123  to  125°C/5  mm,  107  to  109°C/2  mm,  and 
at  about  2U0  to  2i>0°C  at  atmospheric  pressure.  The  ?5>°C  reported  boiling  point 
is  apparently  in  error  and  probably  should  refer  to  3-methylamino-2-inethoxy-3- 
propanol.  *** 


b.  Experimental 

Glycidol  was  prepared  by  adding  U0  g (1  mole ) of  sodi- 
um hydro  ide  in  100  ml  of  water  to  a solution  of  110  g (l  mole)  of  3-chloro- 
1 , 2-propanediol  in  370  ml  of  isopropyl  alcohol  at  -5°C,  After  the  mixture  had 
been  warmed  to  room  temperature  and  filtered,  it  was  added  to  750  ml  of  k0% 

(10  moles)  methylamine  solution  at  about  10°C.  Distillation  of  the  resulting 
solution  gave  60.0  g (5 7 %)  of  the  amine,  bp  107  to  109°C/2  mm.  n£5  1,1*738. 

2 . Preparation  of  3,6-Diaza-l,8-octanediol 

a.  Discussion 

The  increasing  use  of  nitramino  diisocyanates  In  the 
preparation  of  nitropolymers  also  suggested  a thorough  study  of  methods  for 
preparing  nitraminodiols.  This  report  deals  with  the  preparation  of  the  in- 
termediate ultimately  leading  to  the  preparation  of  3, 6-dinit raza-l,8-0ctane- 
diol.  Two  procedures  have  been  used  to  prepare  3,6-diaza-l,8-octanediol,  in- 
termediate in  the  synthesis  of  3,6-dinitraza-l,8-octanediol.  The  first  method. 
Path  I,  used  the  condensation  of  ethylene  oxide  with  ethylene  diamine;  the 
second  procedure.  Path  II,  involved  the  reaction  of  ethylene  dichloride  with 
ethanolamine.  The  first  method  was  found  to  give  a superior  product  and  i3 
preferred. 


CH  ~CH 

\ / 

0 


+ 5I2NCH2CH2NH2 


H0CHoCK^NHo  + C1CH0CH0Ci3^^ 

c.  c.  c.  c c. 


(HOCH2CH2rMCH2  )2 


E.  Fourneau,  Traite  de  Chemie  Organique,  Lesson  et  Cie,  Paris,  1935, 
Vol.  XII,  p.  5>lh}  E.  H.  Rodd,  Chemistry  of  Carbon  Compounds, 
Elsevier  Publishing  Co.,  New  York,  N.Y.,  1952,  Vol.  1b,  p.  1035. 

**  L.  Knorr  and  E,  Knorr,  Ber . 32.  750  (1899). 

***  Vi.  Schoeller  and  H.  Schotte,  Geraian  Patent  UU6,32U,  Zentr. , 2711. 
863  (1927). 
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b.  Experimental 

(l)  Reaction  of  Ethylene  Oxide  with  ethylene  Diamine 


Ethylene  oxide  (22  g,  0.5  mole)  was  added  dropwise 
to  a mixture  of  i*0  ml  of  methanol  and  20  g of  76.5%  (0.255  mole)  ethylene  di- 
amine with  stirring  and  cooling  in  an  ice  bath  to  maintain  the  temperature  at 
5 to  10°C,  The  addition  took  0.3  hr  and  after  0.5  hr  more  stirring,  the  mixture 
was  allowed  to  warm  to  room  temperature  and  stirred  another  3 hr.  Methanol  was 
removed  on  a steam  bath,  and  then  distillation  was  started  under  2 mm  pressure. 
After  a forerun  of  water  and  excess  ethylene  diamine,  5.0  g of  3,6-diaza-l- 
hexanol,  n^5  1.1*652  (1.U851  reported'*),  bp  101*  to  107°C/2  mm,  weie  obtained. 

The  22. h g of  residue  solidified  on  cooling  and  was  crystallised  from  25  ml  of 
chloroform  to  give  5.1  g of  product,  mp  85  to  90°C.  A second  rec'/stallization 
yielded  material  melting  at  100  to  101° C (102  to  103°C  reported**).  The  fil- 
trate from  the  first  crystallization  was  distilled  tj  give  6.5  g more  product, 
bp  180  to  193°C/3  mm.  The  total  yield  vras  31%  of  theoretical. 


Amine*** 


(2)  Reaction  of  Ethylene  Dichloride  with  Ethanol 


To  360  g (5.9  moles)  of  ethanolamine  at  130°C 
was  added  with  stirring  200  g (2  moles)  of  ethylene  chloride  at  such  a rate 
as  to  maintain  the  temperature  of  the  reaction  mixture  between  130  and  l50°C. 
External  heating  was  needed  during  most  of  the  addition,  which  required  5 hr. 
The  solution  was  then  cooled,  diluted  with  1?00  ml  of  methanol,  and  stirred 
with  171  g (U,3  moles)  of  powdered  sodium  hydroxide.  The  precipitated  sodium 
chloride  was  filtered  off,  and  the  methanol  was  removed  on  a steam  bath.  Dis- 
tillation of  the  residue  gave  139  g of  colorless  liquid,  bp  5U  to  56°C/2  mm, 
nff  1.1*509  (probably  mostly  ethanol  amine)  and  then  the  diol  as  a yellow  solid, 
bp  1?9  to  195°C/3  mm,  mp  80  to  90°C.  Recrystallization  of  this  solid  from 
methanol  gave  80.7  g (27%),  rap  95  to  98°C. 


•K-tf- 


•fHH* 


L.  J.  Kitchen  and  L.  B.  Pollard,  J,  Org,  Chem, , 8,  3^2  (19U3). 

I.  G.  Farbenind,  German  Patent  635,901*,  Oct.  1,  1936.  Zentr,  3611  1*255 
(1936). 

Kitchen,  op.  cit. 
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ERR/VTA  (Report  No.  772) 


p.  U8  Equation  (1)  should  read: 


p,  1*8  the  standard  deviation  of  log  reduced  time,  equals  0.85 

should  read  0~,  the  standard  deviation  of  log  reduced  time, 
equals  0.85 


Page  ?6 


Report  No.  80? 

SPIA/M3 


r»«- Quest)  onnelre  on 

COMPOUNDS  FOR  Ubfc  AS  IK  nr;*:  DTE  NTS  OF  PROPELLANTS  AND  OTHER  EXP?X)6IVE3 


Listed  below  ar«  the  characteristics  which  are  believed  to  ba  of  importance  la  tea  study  of  a compound 
which  aagr  poaalbly  ha  uaed  as  a constituent  of  solid  propillaats  or  ether  explosives.  It  ia  aot  expected 
that  nil  thie  information  will  ha  available  for  every  compound.  For  example,  with  a oompound  showing  poor 
stability,  it  ia  probably  not  advisable  to  investigate  that  ooapound  farther.  Altar  placing  auoh  information 
aa  is  available  for  a ooapound  which  you  hare  prepared  or  tooted  on  ona  of  thasa  fonts,  sand  it  to  30110 
FEOFSlIAJfT  IirrOFHAFIO*  ACEBOY,  AM/-JHU.  8621  Georgia  Avenue,  Silver  Spring,  Maryland.  As  additional  infor- 
mation on  tha  saaa  or  nav  compounds  accrues,  forward  it  on  a l'lviiar  form  at  a later  data,  fh a infsrs-tion 
submit tai  on  thasa  forms  will  be  rewritten  and  published  by  3H*  in  loosa-laaf  manual  form,  These  forma 
may  also  ba  used  as  work  or  data  shaots  for  your  azperimental  studies.  Extra  socles  ara  available  upon 
request  froa  SPIi.  Suggestions  for  improvement  of  these  form*  are  invited.  If  insufficient  space  has  bean 
provided  for  any  item,  attach  separata  sheets. 


COMPOUND: 

Name  1-nitraza-l , 8-pentane  dilnocyanate 

Empirical  formula 

Structure:  (configuration) 

f°2 

OCN-Ch gOHgNCH 20H  ,,-NCO 


Information  submitted  by. 

Activity  Aornjph-Gftnftrfll  Corporation 
Person  CTR.  Vaimpinan.  R.  Parratte 
Date  22  January  1951* 


Preparation  reaotion(a):  0,N-»(CH,,CH.,CO  Cl),  , 2M,N, 

, otiani. n^M-HfnH^r.H^nnn  \ 

1.  Quantitative  analysis:(E  by  weight) 

Carbon 

Calculated  from  formula  1^.  on 
By  determination  3$,70 


OgN-K(CllgCH2CON^)2 


. » Q N-MfCK-CH  NHQ) 

a 2 2 2 c: 


Hydrogen 

n). 


Oxygen 


-4.02- 


Nitrogen 

27*99 

-34.43— 


2.  Burning  properties: (compared  to  nitrocellulose,  under  nitrogen  at  etaoetfjeric  preeeurei) 


(fester?  slower?  rsildue?  etc.) 


S.  Stability  and  Sensitivity.  Plot  sny  graphs  on 

separate  sheet 


Name  of  test 

a.  Impact  Sensitivity 

b.  Thermal  Stability 

c.  Vacuum  Stability 

d.  Temperature  of  Explosion 

e.  Temperature  c<  Ignition 

S-  Impact , Stahl  1 ity 

h*  Impact  .Stability 


Recommended  method 
08 RD  3185 
OSRD  3401  p.8 
06RD  3401  p.10 
OSRD  3401  p.6 
OSRD  3401  d.8 


Discuss  methods  used  when  they  very 
free  references.  Give  temperature  used . 
(0s#  seperate  sheet  if  necessary.) 


•134. methyl  violet  paper. 


Plca.tin.ry  Arsenal  No.  1UQ1.  1.3-g.  aampIp^-KL-atarch  paper. 
R-.jrfiflii  of  Mine s , Bull.,  No.  346,  2- Kg.  wt,.  , pO^.ahots. 

with  5/Q .sand  paper  on .anvil, 


P-Egt.U.TS  OF  ABOVE  TESTS 


Reierence  compound 


(desifnatlen-TNT , Tetiyl,  N.C.,  two.") 


New  Compound  test  results 


a. 


h. 

Ni  t.ronel  lulosfc  r 10  minf 

no 

color _ 

belted. 

No  color  or  decomposition,  ,8  hr 

c. 

d. 

e. 

f. 

NitrocfiThil  osir  , 10  mlr. 

no 

color. 

Mplfcftrt. 

No  color  or  riftcompnsit.'ion,  8 hr 

8- 

RfiiT , 9fi  r-.rr.J  rnmpn.<?i+.-i  nn 

JL-_ 

> TOO  om.. 

^ 1 HO  r-m  9 . - 

lie 

~s7i,<'.  11  cm:  r nmrin.qi t.-i  on 

A*. 

88.  cau,., 

. J>JQ0.cm. 

4.  Heat  of  formation:  (aH)  + _ri 

(indicate  sigsij 


Kg.  calories  at  25°C„  1 atm.  pressure 


Ti~  T 
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By  Expe-iment 

5.  Energ?  of  explosion  (Q) 

By  Calculation 

cal/gm 

Method 

Dtiorlplloa  or  roforoaoo.  3«pfvr*t» 

(at  Z50C  HjO  liquid) 

5.  Heat  of  combustion  (Hr)  1P7  2 

cal/gm  |j 

An-rnjet.  ’Rnpnr+,  ) j 1 7 A _ 

(et  25°f  • H20  liquid)  " 

7.  Specific  impulse  (IHiJ  calc: 

lb -sec /lb 

8.  Physical  form  erf  compound (flicait  llnuid,  crystalline  tyoe,  ate.)  ’White,.  QTystaVl i nw  solid 


9.  Simple  microscope  analysis  data:  White , rhomb!  r crystals. 

(oryatal  studies) 

10.  DensityiMecro  aethod)  X^il23  gm/cm3.  (liiero  or  other  aethod)  gm/cm3. 

iwrolaln  on  separata  sheet  any  unique  riethods  you  use.) 

11.  Index  of  refraction:  ) 12.  Color  whl  te 13.  Odor  None . 

14.  1)113125%.  (Method  reference  OSRD  3401  o,4,  or  OSRD  596fl.  Indicate  method  used.  l.a. 

aolwent  and  concentrations  used.  pH  lndloator  naoar  or  Beckaan  pH  aeter.)  _______________ 


15.  Hygroscopiclty: 


New  Compound 
spontanp.Qnsly  _ 


Visible  change  on  exposure 
to  ambient  air.  Hy-H  rolys 

% wt  Increase  by*(a)  or  (d)  

(Strike  out  aethod  (a)  c.-  (t)  if  not  used.) 

♦Method: 


Reference 

Compound 

( designation  ) 


(Tr  other  than  bum  methods  ara  used, 
explain  on  separate  cheat.) 


(c)  The  eaapla  (approx.  5-10  g.  of  ahola  grain  email  poadar  or  1 groin  of  large  Deader)  Is  placed  la  a 
glass  weighing  'sottle.  The  weighing  bottle  (cower  renewed)  is  placed  in  a wacuua  drying  owen  for  5 hrs. 
• 55°%  Raa<»»¥  relating  bottle  from  owen,  cower  with  glass  stopper,  cool  in  e deaiccator  and  walgh 

accurately.  Thla  la  taken  aa  original  dry  weight  of  sanple.  Then  place  weighing  bottle  (cower  reaowed) 
In  a humidor  (a  10-ln.  daaiccetor  la  a satisfactory  weasel)  cental nlng  1 liter  of  18.6 -.5$  HjSO/. 

(Tula  glwes  relatiwe  humidity  9Ci.25 i).  Place  Id  an  owen  maintained  at  30-2°D.  On  the  fourth  tfaj 
reaowa  weighing  bottle  from  the  hualdor,  cower  with  glaaa  stopoer,.  cool  in  a deaiccator  and  weigh. 

Than  return  to  hualdor  for  24  hours,  cool  and  rweeigh.  Continue  dally  weighings  until  constant  salght 
Indicates  aaaple  has  reached  equilibrium  with  90J1  R.H.  The  % weight  Increase  Is  than  raportad  as 
hwgroacopiclty  of  the  cample. 


(b)  An  altercate  aathod  is  In  C6RD  3401  p.3. 


16.  Volatility:  Report  as  u.  less  in  at  % per  unit  area  (for  liquid  samples  measure  the  surface  area;  for 

vollds,  the  aaaple  should  bo  eoreened  between  1CD-120  aeeh  C.S,  Standard  certified  slews)  per  4 hrs., 
after  constant  rata  of  less  Is  obtained  during  three  ccnaecutiww  4-hr.  periods  at  (a)  25*fc  in  a veaeal 
through  which  a streaa  of  dry  air  la  forced,  (b)  In  an  orran  at  65.5OC  or  (c)  under  other  teat  aathod  or 
conditions.  


(Description  or  reference  to  ether 

Volatility  results  on:  Net?  Compound 

a. 

b.  ~ 

c. 


teat  or  conditions  used.  Use  separate  sheet  if  necesaary.) 

Reference  Compound  

(designation) 


a. 

b. 

c. 


17.  Bolling  point,  or  decomposition  temperature:  °C, 

(underline  which  tewpereture  la  reported)  ~ 

18.  Heat  of  Vaporization: g-cal./gm BTU/lb. 

19.  Heat  of  Fusion: g-cal./gm BTU/lb. 

20.  Melting  point:  3c  6- 


Page  2 

♦ * f ••  t--  ~ 


rtftCf*  TSaNSaCTI  ANCl 


Report  No*  80? 

3P1A./H3 


21.  Fret  zing  point  vs.  Time  Curve:  (Pleese  nark  ths  coordinsts*  with  scole  vsluws  that  apply  to  the  cowpoun® 

under  study.) 

Polymerizes,  hydrolyzes  frith  heat. 


TIME. 


22.  Solubility  of  new  compound: 

Insoluble,  cold.  g/100  ml  HjO  at  25“C.  Hydrolyzes fhot  g/100  ml  H20  at Vv 

0*66  g/100  ml  n-hppt p.nft at 25 *c* 

(na*4  material  used  as  solvent) 

1.6C g/100  ml  r> a »hQE„  t.o  t.  r»a  r»Vi  1 m~i  at “C. 

3.90  g/100  111  ether  at  2 5 °C. 

Can  be  reciystallized  from  a mixture  ol  methylene  dichloride  and  ether. 

23.  Infra  red  spectrum? 


W*VE  NUMtERS  N CM*  WAVE  N'JMiERS  IN  CM' 

toon  4000  1000  1400  2000  I SOC  1400  I Mi  1200  IIOO  lOOO  too  100  TOO  *2% 


ap  -5  ^r.rpnat.P  ?.00  tr!  7 ££  microns  - mull  in  _ 

frl  nn-rnl  nV  o T/  .9 

7.£A  t.n  17^00  microns  - mull  In  crys  tal  oil . 

1?  min,  yna;,, 

_ 12/16/53. R.P. 

Page  3 
Appendix 


ifjtctNi  .»ANSM:nAMCa 


Report  No,  307 

3PIA/M3 


Under  c c~ re *c V- 1 11  tv  »-  rr-  >'™<ild«rlng  the  a t> t li * y of  t»o  coaiuoitfida  to  be  !n  intimate  jontact  (Note 
CC3U>  5758  p,  21-22^  over  a long  period  of  vithcait  a-carse  • -,,lar  the  oerclcal  or  physical 

orooertles  of  either  material.  "’hsse  teats  sill  probably  be  of  varied  extent.  Thary  might  be  »ooe  of 
the  follr»ir,gt  (a)  Standard  stability  teats,  (b)  siaole  observations  of  exudation  or  separation  at 
anblent  or  accelerated  teaoerativra.  (c)  Prepare  thin  sheets  (.025"  thick,  1*  apusr*)  cf  the  pl.aetlo.ised 
material.  Separate  the  eheeta  with  striae  of  cigarette  paper  or  carbon  paper  and  compress  ths  stack  in 


a *C*  clamp.  After  several  days  note  ths  oily  collection  on  the  o»o»i , Please  gi 


reference  to  or 


45. 


describe  oroeeduro  used..  Itee  28  is  to  indicate  results  when  the  crmcound  is  in  contact  elth  acme  materi- 
al other  than  ethyl  cellulose,  nltrocelluloae  or  rubber.  TeS"  i -Orformed  by  dissolving  Sample 

and  standard  in  a common  solvent  drying  rapidly  >:r.  a glass  plate  and  examining 

+ V»«  amoonl-f  nvsrv  4'-?  *1  vw  4'rtys  *kmaT4tr  *irv^  Vtmri/>r»ona,l4'tr 

«nult«ef  


26.  Compatabllity  with  nitrocellulose: 


-Ratio  ,...gfc  -samnle/art 

20/80 


coinpafcjjfa] 

compatible 


37. 


Com  notability  with  rubber:  Ratio,  wt  sample  Art  rup&er 


20 l&L 

Kn/Kr 

i sompatil 

fa] 

Le 

ms 

La 

28.  Compatablllty  with 


29.  Polymerizing  properties  of  the  new  compound: 

(a)  By  Itself  Gradually  polymerizes  except  at  low  temperatures.  

(b)  In  mixtures  (»ith  additives)  Copolymerizes  with  riinlfi  t.n  form  pnlyri-rot.hunao 

(c)  Inhibiting  action  on  polymerization  erf: 

Thlokoi 

Methacrylate 

Other  compounds 

30.  Availability 

a.  Amount  now  available ? Research  quantities. 

fa.  When  was  available  material  first  prepared? 

c.  Amount  prepared  at  that  time? 

d.  Is  large  production  feasible  ?' 

•s.  Plant  capecity  in  existance,  lbs /day  ? 

i.  Outline  steps  for  a quantity  production  method 


31.  Additional  information:  (toxicity,  h*saHa,  deterioration,  oxygen  balance,  detonation  rate,  explosive 

poaer,  save  of  hydtoly»l«  by  va^sr,  etc.  List  icfarencea,  reports,  data  books,  etc,  that  r afar  to  the 
cmapouM.)  = 


Page  k 
Appendix 


Report  s'-o.  807 


DISTRIBUTION  LIST 


Navy  Department 
Chief  of  Naval  Re  search 
Cede  U29 

Washington,  D,  C. 

Department  of  the  Navy 
Bureau  of  Aeronautics 
Washington  25.  D.  C. 

Attn:  SI-5 

Commanding  General 
Aberdeen  Proving  Grouii 
iar  viand 

Attn:  Ballistic  Research  Lab 

ORDBG-BLI 

Department  of  the  Anny 
Office,  Chief  of  Ordnance 
•/ashington  25,  D.  C. 

Attn:  ORDTU 

Department  of  the  army 
Office,  Chief  of  Ordnance 
Washington  25,  D.  C. 

Attn:  ORDTX-Aft 

Officer  in  Charge 
Office,  Ordnance  Research 
2127  niyrtle  Drive 
Duke  University 
Durham,  North  Carolina 

Commanding  Officer 
Ricatinny  Arsenal 

Dover , New  Jersey 

* i f .%  t r j v 

At  Oil*  JL*X  a 1 COL  * 

Commanding  Officer 
Redstone  Arsenal 
Huntsville,  Alabama 

Attn:  ORC  Technical  Library 

Department  of  the  Air  Force 
Hq.  USAF,  DCS/D 
Washington  25,  D.  C. 

Attn:  AFDftD*  AR 


No.  of  Copies 

c 

✓ 


3 


<~ 


2 


2 


3 


2 


2 


1 


Page  la 


Reoort 


307 


DISTRIBUTION  ;IjT  (cont.) 


No . 


Deuartmoi.c  of  the  Air  Force 
Hq.  USaF,  DCS/D 
<ashingtor  25>»  D.  C. 

Attn:  AFDftD-<\C-3 

Col.  r'aul  I . Nay 

Commanding  General 
Wright- Batters on  Air  Force  Base 
Dayton,  Ohio 
Attn:  7C.3GH-2 

Comma m ling  General 
/right- Patters on  Air  Force  Base 
Da v ton . Ohio 
Attn:  '.rCNNN-3 

ALlegany  Ballistics  Laboratory 
P.  0.  Box  210 
Cumberland,  iarvland 
Attn:  Dr.  L.  G.  Bonner 

armour  Research  Foundation  cf 
Illinois  Institute  of  Technology 
Technology  Center 
Chicago  16,  Illinois 

Attn:  Jr.  jo.  V.  Griffis 

Atlantic  research  Cor  --oration 
812  North  Fairfax  Street 
Alexandria,  Virginia 

Attn:  Dr.  A.  C.  Snuriock 

U.  S.  Bureau  of  Hines 
bS0_  Forbes  Street 
Pittsburgh  13,  Pa. 

Attn:  Dr.  Bernard  Le-vi s 

Reaction  Motors,  Inc. 

Pockawa.y,  Few  Jersey 
Attn:  P.  F.  linternitz 

Experiment,,  Incoroorated 
P.  0.  Box  1-T 

f.'iHrArH  P . Vn  r*cn  rvi  p 
- -*•  - » • — - 

Attn:  J,  V.  ; ullen  II 


;f  Conies 


1 


1 


1 


1 


1 


1 


1 


1 


Page  2a 


Ur.  A-  1.1.  Ball 

Hercules  Experiment  Station 

Wilmington,  Delaware 

Jet  r*ropulsion  Laboratory 
L18OO  Oak  Grove  Drive 
Pasadena  3,  California 
Attn:  Dr.  Louis  G.  Dunn 

B.  F.  Goodx-ich  Company 
Research  Center 
Brecksville,  Ohio 

Attn:  Vice  President/nesearch 

Arthur  0.  Little.  Inc. 

30  niemorial  Drive 
Cambridge  U2,  mass. 

Attn:  Dr.  C,  S.  Keevil 

Arthur  0.  Little,  Inc. 

30  Memorial  Drive 
Cambridge  U2,  luass, 

Attn:  Dr.  ■> . C.  Lothrop 

Shell  Development  Company 
Emeryville,  California 
Attn:  F.  G.  Bollo 

Thiokol  Corporation 
Elkton  Laboratories 
Slkton,  ilaryland 

Attn:  D.  /.  Kershner 

University  of  i.innesota 
Oak  Street  Laboratories 
2013  University  Avenue 
Minneapolis,  tlinnesota 

Attn:  Prof.  B.  L.  Crawford.  Jr. 

National  Fireworks  Ordnance  CorD. 
Zest  Hanover,  iiassachusetts 
Attn:  l»ir.  S.  J.  Porter 

Dr.  Harold  Shechter 
Department  of  Chemistry 
Ohio  State  University 
Columbus , Ohio 


Reoort  No 


0G7 


DISTRIBUTION  LIST  (cont.) 


Ho.  of  Copies 


Ohio  State  University  1 

Research  Foundation 
Columbus  10,  Ohio 

Attn:  Prof.  ■ . L.  .'olfrom 

Phillips  Petroleum  Com  any 
Bartlesville,  Oklahoma 
Attn:  i-ir.  J.  P.  .-J.de  n 

Project  Squid 
Princeton  University 
Princeton,  New  Jersey 
Attn:  Librarian 

Purdue  University 
Department  oi'  Chemistrv 
Lafayette,  Indiana 

Attn:  Dr.  Henry  Feuer 

Rohm  and  Haas  Company 
5000  Richmond  Street 
Philadelphia  37,  Pa. 

Attn:  Dr.  J.  r . Kincaid 

Rohm  and  Haas  Company 
Restone  Arsenal  Research  Division 
Huntsville,  Alabama 

Attn:  Dr.  Clayton  Huggett 

Solid  Prooellant  Information  Agency  6 

Applied  Physics  Laboratory 
The  Johns  Hopkins  University 
Silver  Sprir.r,  Maryland 
Attn:  Hr.  Ross  H.  Petty 

C iidara  <J±  x,  oo ift;  >5l x\y 
Research  apartment 
?.  0.  Box  L31 

TU-:  x : - . 

1 j x v — ' » 1 t>u  x c*  1 j<=i 

Attr.:  Dr.  !.  H.  Bahlke 

Thickol  Corporation  1 

Redstone  Arsenal 
Huntsville , Alabama 

Attn:  i--vr.  •/.  R.  Ignatius 


1 


1 


3 


1 


2 


Page  La 


He  port  r;o . 5J7 


DIsrRIBJTlON  LIST  (cont.) 

No.  of  Copies 

Office  of  the  Chief  of  Ordnance  1 

De  )artment  of  the  Army 
Washington  j->*  D.  C. 

Attn:  ORDTA  Explosives  and 

Demolition  Section 

University  of  Louisv’  lie  1 

Department  of  Chemistry 
Louisville  B,  Kentucky 
Attn:  Dr.  ft.  H.  ./iley 

U.  S.  Rubber  Company  2 

General  Laboratories 
.iarket  and  South  Streets 
Passaic,  New  Jersey 

Attn:  Dr.  ?.  O.  Tawney 

Western  Cartridge  Company  1 

East  Alton,  Illinois 
Attn:  air.  R.  L.  Vomer 

British  Joint  Services  mission  h 

Via:  Deoartment  of  the  Navy 

Bureau  of  Ordnance 
•ashington  2 5,  D.  C. 


Commanding  General  3 

Ahite  Sands  Proving  Ground 
Las  Cruces,  New  i^exico 
Attn:  Technical  Librarian 

Department  of  the  Navy  1 

Bureau  of  Ordnance 
'Washington  ?5»  D.  C. 

Attn:  Ad3,  Technical  Library 

National  Bureau  of  Standards  1 

Ordnance  Development  Division 
Washington  2$,  D.  C. 

Attn:  ur . J.  Rabinow 

De  Dart  Trent  of  the  Navy  1 

Bureau  of  Ordnance 
'Washington  23,  D.  C. 

Attn:  Section  Re?d 


Pa  ge  5a 


Commander 

U.  S.  Naval  Air  missile  Test  Center 
Point  1’iUgUf  California 
Attn:  Technical  Library 

Commanding  Officer 

U.  S.  Naval  Air  Rocket  Test  Station 

Lake  Denmark 

Dover,  New  Jersey 

Attn:  Technical  Library 

Commanding  Officer 

TJ.  S.  Naval  /order  Factory 

indian  Head,  ary lard 

Attn:  Research  and  Development  Dept. 


Commander 

U.  S.  Naval  Proving  Ground 
Dahlgren,  Virginia 
Attn:  M.  I.  Division 

Commander 

U.  S.  Naval  Ordnance  laboratory 
White  Oak,  Silver  Spring,  »•  dryland 
Attn:  Library 

Commander 

U . A.  Naval  Ordnance  Test  Station 
Inyokern,  China  Lake,  California 
Attn:  Technical  Library  Branch 

Director 

Naval  Research  Laboratory 
Washington  20,  D.  C. 

Attn:  Chemistry  Division 

Code  3230 

Commanding  Officer 
Chemical  Corps  Chemical  and 
Radiological  Laboratories 
Amy  Chemical  Center,  nary  lard 
Attn:  Technical  Library 

Commanding  Officer 
Office  of  Naval  Research 
Branch  Office 
8Lib  North  Rush  Street 
Chicago  11,  Illinois 
Attn:  LTJG.  ...  C.  Laug 


Reoort  No.  CC7 


DISTRIBUTION  ilST  (cont.) 


l>*o » of  Copies 

Or.  Elizabeth  F.  Riley  1 

Department  of  ChfiifAstrv 
Ohio  State  University 
Columbus  10,  Ohio 

Or . E . R . Buchman  j_ 

California  Institute  of  Technology 
Pasadena,  California 

Dr.  Joseph  W.  Lang  2 

Director  of  Research 

General  Aniline  and  Film  Corp. 

Central  Research  Laboratory 
Lincoln  and  Coal  Street 
Eaetor,  Pennsylvania 

Dr.  Jerore  ;.artin  1 

Commercial  Solvents  Corporation 
Terre  Haute,  Indiana 

Evans  Research  and  Development  Coro.  1 

250  East  L3rd  Street 
New  York  17,  New  York 
Attn:  mr.  3.  J.  Hewitt 

Or.  G.  B.  Bachiian  1 

Department  of  Chemistry 
rurdue  University 
Lafayette,  Indiana 

Or.  P.  1>.  Brovvnyard  2 

Bureau  of  Ordnance,  Re2c 
Department  of  the  Navy 
Washington  25,  D.  C. 

Dr.  D.  V,  Sickman  2 

Explosives  Division 

Naval  Ordnance  Laboratory 

White  Oak,  Silver  Spring  ip,  Maryland 

ur.  Harry  -.Fox  2 

Naval  Research  Laboratory,  Code  3270 
Washington  20,  0.  C. 

Dr.  William  F.  Sager  2 

Department  01'  Chemistry 
George  'ashinton  University 
.'ash.!  '"4f>n,  0.  C. 


Pape  7a 


Report  wo.  807 


DISIRI3U  101.  :13  V (cont. ) 

No.  of  Copies 

Dr.  N.  ju.  Drake  1 

Departiiient  of  Chemistry 
University  of  .dryland 
College  Park,  : dryland 

Dr.  A.  V . Tobolsky  1 

Frick  Chemical  laboratory 
Princeton  University 
Princeton,  New  Jersey 

B.  F.  Goodrich  Chemical  Cone  :y 
Engineering  Experimental  Si.-. _.on 
Avon  lake,  Ohio 
Attn:  Dr.  .olfe 

Bureau  of  Aeronautics  2 

Department  of  the  Navy 
•ashington  25,  D.  C. 

Attn : TD-k 

Los  Alamos  Scientific  Laboratory  2 

Los  Alamos,  New  iaexico 
Attn:  Technical  -Library 

Canadian  Joint  Staff  a 

Department  of  the  Navy 
Bureau  of  Ordnance 
)?shingfcon  25,  D.  C. 

Attn:  Ad8 

Bureau  of  Aeronautics  Pepreserb  ti. • ^ 

Aerojet-General  Corpora*'4 '»■' 

6352  L.  Irwindale 
Azusa*  Califc  -a 

Comr  ...LUng  Officer  ^ 

^xiice  of  Naval  Research  Bra  on  Office 
1030  E.  Green  Street 
Pasadena  1,  California 

Dr.  E.  2.  Gruber 
Head,  Plastics  Research 
General  Tire  and  Rubber  Company 
Research  Laboratory 
Akron,  Ohio 


Page  3a 


